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Abstract 
Assistive technologies (AT) are the products provided to elderly and disabled people to 
enable them to live more independently. Despite their ability to help maintain independence 
and prevent injury, the literature discussed within this thesis indicates that assistive 
technologies are not meeting the needs of the end-user. In response, research has been 
undertaken with the following objectives: 
1. To identify how and why assistive technology products are failing to satisfy the customer. 
2. To establish if a design tool can be created that overcomes the issues identified in the 
inductive research and which enables companies to design customer-satisfying assistive 
technology products. 
In progressing these objectives, two phases of research were planned. The first comprised 
four parallel studies (focus groups, case studies, questionnaires and a literature study), which 
together examined the state of AT products and the product-development activities of AT 
manufacturers. The second phase of research examined four customer-focused product 
design methods for their suitability for utilisation by small companies within the AT sector. 
On finding that no method in its entirety was suitable, a customer-focused design tool for 
small AT companies was developed. The resulting tool comprises eight elements for 
application in the initial stages of the product development process. The tool was tested in 
four separate studies, which examined its usability and acceptability to AT companies and 
which gave further insights into the AT sector. 
The research both finds that AT products are failing the customer in five areas and that 
manufacturers are contributing to this failure through a lack of customer-focus in their design 
processes. In addition to identifying the market research and product development activities 
of small AT companies, a key contribution to knowledge resulting from the research is the 
concept of sectoral readiness for methods of design. In its conclusion the thesis finds that the 
two research objectives have been met. 
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1 Introduction 
Assistive technologies (AT) are the products provided to maintain the independence, safety 
and societal participation of individuals with impaired body functions. As the UK's 
population ages so the demand for assistive devices increases, due to a deterioration of the 
body's physiological systems with age. W here products are provided to the user through 
Social Services, the increasing level of demand is stretching their resources. While the cost 
of assistive technologies is great when compared to products with a similar level of 
technology available on the mass market, the cost is still less than that of treating injuries 
caused in the absence of such devices. The potential benefits of assistive technology, 
coupled with their significant cost, underline the importance of providing elderly and 
disabled people with durable products that satisfy the user's need for safe, effective, and 
independent functioning. 
Despite the need for effective assistive technology devices, there is evidence to suggest that 
these devices are failing to meet the needs of the customer and implicates manufacturer 
activity in this failing. Little work has been undertaken to establish what the behavioural 
determinants of the failure to produce customer-satisfying products are in the AT industry; 
suggesting the need for exploratory research in this area. 
In response to these findings, the work described in this thesis has two linked research 
objectives; these form an inductive research phase and a deductive phase respectively. The 
research objectives are: 
1. To identify how and why assistive technology products are failing to satisfy the customer. 
2. To establish if a design tool can be created that overcomes the issues identified in the 
inductive phase and which enables companies to design customer-satisfying assistive 
technology products. 
The work of this thesis has been published in a series of papers, see (Ellett and Brookes 
2000; Bamforth and Brookes 2001; Bamforth and Brookes 2001; Bamforth and Brookes 
2002). As an aid to navigation, the remainder of this chapter is dedicated to an overview of 
the thesis. 
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1.1 Outline of the Thesis 
Chapter 2 provides a context for the research through an examination of the literature 
concerning assistive technologies, customer satisfaction and current research projects in the 
area of assistive technologies. 
Chapter 3 describes the strategy used to realise the research objectives, outlining the choice 
of research methods and the rationale for each. The discussion of the procedures for each 
research method and their associated validity issues is provided in Chapter 4 in conjunction 
with the findings of each study. This has been done to help contextual the results of the 
numerous studies. 
Chapter 4 describes the results of the inductive phase. Four studies are triangulated in this 
chapter to provide an understanding of how and why assistive technologies are failing to 
satisfy the customer. Prior to the presentation of the results of each study, a description is 
given of the methodological procedures followed. The chapter concludes with a discussion 
of the inductive phase's findings and their implications for the second phase of the research. 
Chapter 5 presents the work of the deductive phase. Based upon earlier findings, a 
specification is developed that reflects the capabilities, attitudes and requirements of AT 
companies with r egards toa product development tool to focus the design process on the 
needs of the customer. Against this specification, four tools and methodologies used in other 
sectors are assessed for their suitability for application to the assistive technology industry. 
The methodology and results of these two studies are presented in the first half of Chapter 5. 
The latter half of the chapter discusses the design tool that was developed as a result of these 
earlier studies. Subsequent to an overview of the developed tool, the provenance of the tool 
and its areas of novelty are discussed. 
Chapter 6 details the research undertaken to test the developed design tool and examines the 
tool in terms of its usability, its compliance with the specification and the appositeness of the 
specification itself. Forming a background to this study is a discussion of the three research 
methods used and the procedures followed. The chapter concludes with a discussion of the 
implications of the findings. 
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In Chapter 7 the findings of the inductive and deductive phases of the research are brought 
together and viewed in light of the research objectives. A discussion is provided of the key 
findings and the extent to which the research objectives were met. The chapter concludes 
with a discussion of the areas for further research and the wider implications of the research 
findings. 
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2 Literature Review 
Chapter 1 gave a background to the research project and, as an aid to navigation, provided an 
outline of the thesis. Chapter 2 provides a context for the research through examining the 
literature concerning assistive technology products and customer satisfaction. An overview 
of current and recent research in the field of assistive technology is also provided. 
2.1 A Background to Assistive Technologies 
2.1.1 Definitions of Assistive Technology and Disability 
According to the European Commission's Technological Initiative for Disabled and Elderly 
Persons (TIDE, in Young and Sandhu 1995: p183), "assistive technologies are the total of 
technologies provided directly to elderly and/or disabled people to enable them to live more 
independent lives and become integrated in all the activities of their communities, preferably 
outside of institutional care". 
An alternative definition, quoted by the Royal Commission's report, identifies assistive 
technology as "an umbrella term for any device or system that allows an individual to 
perform a task they would otherwise be unable to do, or that increases the ease and safety 
with which the task can be performed. The aims of assistive technology are to allow older 
people to maintain their autonomy and dignity, to enable pursuit of self-fulfilment, to allow 
an independent life and a valued membership of society" (The Royal Commission, Cowan 
and Turner-Smith 1999). 
Cooper's (1998) definition of assistive technology describes in more detail the different roles 
that these technologies can perform. "Assistive technologies are devices and techniques that 
are used to optimise human functions through enhancing residual capacity (e. g. orthotic 
splints), replacing missing structures (e. g. prosthetic limbs), substituting structures (e. g. 
wheelchairs), providing alternative means of function, and minimising environmental 
barriers (e. g. universal design of buildings) by promoting access and egress. " 
Supporting Customer Focused Design in the Assistive Technology Industry 
Central to these definitions is the concept that AT products exist to enable people to retain 
their independence and to participate in society. The definition of assistive technology used 
in the research is that given by the TIDE programme, with the exclusion of prosthetic devices 
and computer-based/telematic technologies. Under this revised definition assistive 
technologies are predominately characterised by their low use of technology. 
Two terms that are often interchanged with assistive technology are rehabilitation products 
and aids and adaptations. While these terms are commonly used to substitute that of assistive 
technology, more accurately, the phrase rehabilitation products refers to products for elderly 
and disabled people that have been developed as "a specific solution to a specific problem" 
(Keates and Clarkson 1999) and are usually bespoke. The term aids and adaptations refers to 
`aids to daily living' and adaptations to everyday products that facilitate the use and handling 
of everyday items (Cowan and Turner-Smith 1999). 
The World Health Organisation (WHO) has recently updated its classification of functioning, 
disability and health. The WHO previously published its classifications in 1980. The 
original classifications concentrated on negative descriptions of impairments, disabilities and 
handicaps. The updated classification, released in 2001, gives neutral descriptions of body 
structure and function, and activities and participation. The new classification recognises the 
importance of environmental factors in either facilitating functioning or creating barriers for 
people with disabilities (WHO 2000) and encourages intervention in an environment to 
remove the restrictions that limit a person's participation in society. The following are 
classifications of function, activity and environment taken from the WHO's classifications 
checklist (WHO 2001): 
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"Impairments are problems in body function or structure as a significant deviation or loss. 
Where body functions are the physiological functions of body systems, including 
psychological functions, and body structures are anatomical parts of the body such as organs, 
limbs and their components. " 
"Activity limitations are difficulties an individual may have in executing activities, where an 
activity is the execution of a task or action by an individual. Participation Restrictions are 
problems an individual may have in involvement in life situations. " 
"Environmental factors make up the physical, social and attitudinal environment in which 
people live and conduct their lives. " 
With respect to the updated classification, assistive technology has an important role to play 
in removing the functional barriers to participation imposed by the physical environment. 
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2.1.2 Disability and Assistance: The UK Situation 
Within the UK 17.6% of the population identifies themselves as having a limiting long-term 
illness (Census 2001). According to Avillion and Mirgon (1989), "the disabled population 
can ber oughly p rofiled according toa ge. T he first a ge group isi nfancy, w here d isability 
results from congenital defects or premature birth. The second group is patients who have 
experienced traumatic injury from accidents, these are typically young adults. The majority 
of patients requiring rehabilitation services, who form the third group, are those who are 
disabled as a result of chronic illnesses. These persons are typically middle-aged or older; 
the elderly population is the age group in which chronic illness is most prevalent". 
For 2001, the 2000 Health Survey's projections show that 16% of the UK's population will 
be aged sixty-five and over and this is forecast to rise to 21% by 2026 (Health Survey 2000, 
Hirani). Increasing age is associated with changes in most physiological systems, which may 
restrict the functional capability of an individual. Forty-three percent of the population aged 
sixty-five and over is disabled (Health Survey 2002, Falaschetti, Malbut et al. ). Figure 2.1, 
based on data from the 2000 Health Survey, illustrates the prevalence and severity of 
disability in the elderly population. As the population ages, and with it the number of people 
with disabilities, the demand for environments and products to assist independent living, will 
continue to grow (Hypponen 1997; Marking 1998; Hirani 2000). 
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In an environment that does not facilitate participation, individuals with body function 
impairments are forced to struggle with essential everyday activities, which can potentially 
lead to accidents in the home. A study quoted by the Audit Commission (2000) examines the 
total healthcare costs of providing participants with unlimited AT provision as compared to 
participants given a maximum of two devices. The study found that the cost of providing 
what was on average fourteen devices was half the healthcare costs of those participants 
receiving limited provision over the same period of time (Mann 1999). Whilst assistance in 
performing every-day activities can be provided by a partner or carer, very often 
independence and dignity can be retained if barriers in an environment are removed through 
the introduction of assistive technologies. 
The acquisition of assistive technologies in the UK is not straight forward. It has been 
observed that the assistive technology customer comprises a number of different parties, 
which all have a stake or say in the product (Fuller, Lysley et al. 1995; Lorentsen 1995; 
Hypponen 1998). The number of stakeholders varies according to the route by which the 
end-user obtains the product. The simplest route is the autonomous purchase of the product 
by the person with disabilities, with his or her finances. However, this route becomes 
complicated when different stakeholders perform the role of purchaser, decision-maker, 
installer, trainer, and user. In addition to the end-user, these stakeholders can potentially 
include carers, family members, Social Services and medical professionals, such as 
occupational therapists. 
A further complication in the end-user obtaining assistive devices is the source of finance for 
the product. Very often products are paid for using Disabled Facilities Grants, with the funds 
being spent on behalf of users by Social Services. Through this system individuals are able 
to obtain products without financial cost to themselves but the products they receive tend to 
be more basic in nature and adequate for their needs as compared to some of the more 
expensive products available on the market. 
The presence of multiple stakeholders complicates the issue of satisfying the customer. 
To 
be able to provide customer-satisfying products to the end-user, both the requirements of 
stakeholders in the AT sector and their influence on the provision and uptake of a product 
need to be considered, in addition to the needs and expectations of the end-user. 
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There is growing pressure on designers and manufacturers to produce mainstream products 
that are `Designed-for-All'. Design-for-all, or universal design as it is also known, attempts 
to maximise the number of people for whom a product is accessible and usable. It achieves 
this by broadening a product's user-base to include as many users as possible (Keates and 
Clarkson 1999). Under design-for-all products are designed to be suitable for both people 
with and without disabilities. Economies of scale currently mean that products designed for 
people with disabilities are relatively expensive. The adoption of the design-for-all 
philosophy by large manufacturers would mean that the cost of a mainstream product that 
was useable by a person with or without disabilities would be less than one designed and 
purchased by only the disabled population. Designed-for-all products also have the benefit 
of being appropriate for users who are only temporarily disabled, as in the case of a broken 
arm; Prior ownership of a designed-for-all product would facilitate the execution of an 
everyday activity without the need to struggle or the need to purchase an adapted product. 
As the `design for all' concept is taken up by more manufacturers and is mandated in 
building regulations, the need for some assistive technologies such as tap turners and chunky 
cutlery will diminish as tap leavers and Good Gri pTM products become integrated in everyday 
households. 
While it may appear that designed-for-all products negate the need for assistive technology it 
can be argued that this is not the case. The integration of designed-for-all products into 
everyday homes will take time, prolonging the need for assistive and adaptive technology. 
There are also some products and environments that cannot, or are unlikely to without a huge 
shift in public expectation, be designed-for-all. Examples include, stair lifts in homes which 
are not bungalows, kettle tippers to assist the pouring of hot water, walk in baths where users 
prefer not to shower and stocking-aids for those who have trouble putting on tights and 
socks. Designed-for-all products are also unlikely to facilitate independent daily living for 
people with severe disabilities, whose needs are too diverse from those of the abled 
population to be satisfactorily met in a universal product. For example, some children with 
severe cerebral palsy are extremely difficult to bathe; Assistive baths are available which 
raise and lower and have removable sides to enable a carer to transfer and bathe the child. 
While research into and the adoption of design-for-all are socially and economically 
beneficial, design-for-all does not eliminate the need for effective assistive technology. 
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2.1.3 The State of Assistive Technologies 
While research into assistive technology and user satisfaction is limited, especially in the 
United Kingdom, the juxtaposition of the available literature gives an indication that assistive 
technology products may not be satisfying the customer. 
In a UK study conducted by the Ergonomic and Safety Research Institute (Gardner, Powell et 
al. 1993) a selection of assistive technology products were ergonomically appraised. 
Twenty-eight non-prescription items, available commercially and marketed as `aids to daily 
living for the older members of the population, ' were purchased from retail outlets and mail 
order catalogues for the purpose of the study. All of the sampled products were operated 
according to manufacturer instructions and appraised in accordance with the anthropometry, 
physiology and health of the elderly population and the environment in which the product 
was intended to be used. Subsequent product evaluation involved each product's 
implementation by people over the age of sixty years. 
The study found that many of the products tested were inappropriate or inadequate to 
perform the tasks for which they were intended. Some were of poor quality and could 
introduce hazards to the home environment. More specifically the products that were 
deemed inappropriate or inadequate fell into one or more of the following problem 
categories: 
" Functional problems 
" Use/usability problems 
" Quality problems 
" Safety problems 
While Gardner's study only evaluates a relatively small sample of the assistive-product 
population, a high proportion of sampled products were found to be inadequate. This 
indicates that it may be reasonable to expect such inadequacies to be prevalent within the 
wider population, in particular with products with a similar application to and from the same 
price bracket as those tested. 
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In 2000, the Audit Commission produced its report on the provision of equipment to older or 
disabled people by the NHS and Social Services. While its study and resulting 
recommendations concentrated on the service provided by these agencies, the study did find 
that the "users of assistive technology equipment do not always get appropriate equipment of 
reasonable quality" (Audit-Commission 2000). While this finding may reflect the standard 
of products available through these agencies, a standard that is likely to be set by budgetary 
constraints, it is worrying that adequate products cannot be purchased at similar cost. It is 
conceivable that people with similarly limited finances are buying the same standard of 
product, namely inappropriate to their exact need and of poor quality. The Audit 
commission's study lends weight to the theory that at least some assistive technologies are 
failing to satisfy the customer. 
While "there are few studies of assistive technology abandonment or non-use" (Scherer 
1998) a number of studies, mainly based in Scandinavia and the USA, have examined the 
disuse of assistive devices. While the studies have varied widely in terms of population and 
products studied, they do reveal instances where the needs of the user have not been met by 
assistive technology devices. 
In a US national study, 227 adults with a variety of physical and sensory disabilities were 
surveyed about their use and abandonment of devices (Phillips and Zhao 1993). In this study 
almost one-third (29.3%) of the devices identified were abandoned. 
Korpela (1993) conducted a study of the use of aids that had been given to children with 
cerebral palsy by Tampere University Hospital, Finland. The study followed up the use of 
1278 devices and revealed that, on average, 15% of the devices had been abandoned. This 
rate of disused varied according to product type but the maximum rate of abandonment of 
any product type in this study was 25%. 
Mann (1994) surveyed thirty-five home-based people, over the age of sixty years, with 
hearing impairments about their use of assistive technology devices. The results of the 
survey showed that this sample was dissatisfied with 31.9% of their devices. 
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Sonn (1996) conducted a study of the elderly urban population in Gothenburg, Sweden. Of 
the 217 subjects that responded in the survey 16% had needs that were not met by their 
devices, these devices were subsequently abandoned. Further more, half of the devices used 
by the sampled population were reported as not having a good function. 
In a study of the use and non-use of walking devices in Finland (Alakarppa 2001), it was 
found that the survey's sample population seldom or never used 36% of all walking devices. 
"It is estimated, based on a review of AT-disuse studies conducted in 1998, that the 
prevalence of disuse is between 30%-50% for assistive devices in aggregate, and that this 
figure ranges from 8%-75% for particular devices (Scherer 1998). " While the rates of disuse 
in these studies are significant, abandonment is not a pure indicator of user dissatisfaction. 
Abandonment can be as a result of improvements in the user's health as well as through 
product-derived failings. Additionally, abandonment studies do not reveal the proportion of 
dissatisfied users who are unable to abandon the product for lack of a suitable alternative 
(Scherer 1998; Fuhrer 1999). 
No studies have been identified that provide data on the proportion of products that are 
abandoned due to product failings, however, a number of studies have investigated the 
reasons for why users abandon or fail to use products. Alakarppa (2001) identified six main 
sources of reasons for abandonment, these originated from the: 
1. Product 
2. Social and physical environment 
3. User 
4. System of healthcare 
5. Guidance and the supply of information 
6. Distribution 
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Product failings have been further clarified. In terms of the product, users were found to 
abandon their devices when the following issues where encountered: 
I. Gross stigmatisation 
2. Poor device performance 
3. The feeling of being unsafe when using the device 
4. Poor product quality 
5. Poor usability 
6. Poor functionality 
(Phillips and Zhao 1993; Cooper 1998; Alakarppa 2001) 
While abandonment is not a pure indicator of user dissatisfaction, viewing the rates of 
product disuse alongside the results of other types of studies suggests that assistive 
technology products are, to some extent, failing to meet the needs of the user. As is 
suggested by Richardson and Poulson (1995). 
The effects of sub-optimal satisfaction with products is likely not only to lead to a loss of 
independence in some cases but also, though the experience of an expensive product failing 
to meet expectations, to a hesitation over further purchases that might help that individual to 
lead a fuller life (Gardner, Powell et al. 1993). 
Assistive technologies have an important role to play in maintaining the independence, self- 
worth, safety and societal participation of individuals with impaired body functions, 
especially in light of the UK's growing elderly population and its associated high prevalence 
of chronic illness (Lorentsen 1995; Audit-Commission 2000). The identified failings of 
products and the levels of product abandonment suggest that assistive technologies are failing 
to meet the needs of the customer. 
Professionals in the rehabilitation field maintain that it is the manufacturer's responsibility to 
improve assistive devices (Disabled-Living-Centres-Council 1999). The low technology 
aspect of assistive devices indicates that the failure to satisfy the customer is not due to the 
technological c apabilities ofATm anufacturers but r ather t heir a ctivities. S upport for t he 
notion that manufacturer activity is contributing to low levels of satisfaction is provided by a 
number of sources including Buhier (1995), Hypponen (1997), Cooper (1998), and the 
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Disabled Living Centres Council (1999). Guidance provided by the Disabled Living Centres 
Council, based upon research into UK disability equipment and associated services, 
emphasises the importance of user participation in tackling quality issues. Buhler's study, 
examining the co-operation amongst actors in the Rehabilitation Technology industry in 
Europe, finds that one of the "greatest problems in the field seems to be a lack of information 
at all levels"(Buhler 1995). With regards to product development, Buhler observes that "the 
direct involvement of the end-user is weak" (1995). Furthermore, in work by Hypponen on 
user-centred design in the context of assistive technology, examining in particular the effect 
of switching to a usability engineering design approach, She states that currently, "lack of 
user input is the leading cause of product failure". 
These sources possibly suggest t hat manufacturers and designers are relying on t heir own 
experiences when designing assistive devices rather than seeking user input. Due to the 
limited r esearch int his area, itiss uggested t hat further r esearch isr equired i nto a ssistive 
technology manufacturer activity. The term manufacturer, as used in this thesis, is inclusive 
of the design function. 
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2.2 Customer Satisfaction 
Assistive technology literature indicates that the needs of elderly and disabled users are not 
being met and suggests that this may be a function of manufacturer activity. Based upon the 
links between identifying the voice of the customer, fulfilling customer needs and satisfying 
the customer, a review has been conducted of customer satisfaction literature. Focusing in 
particular on how customer satisfaction can be achieved. Figure 2.2 below illustrates the key 
points identified from the literature. 
To satisfy the customer, manufacturers must either 
meet customer needs or fulfil their expectations 
To be in a better position to meet customer needs, 
manufacturers must first listen to the voice of the 
customer 
. r. 
u 
Methods exist to aid manufacturers in listening to the 
voice of the customer 
Customer satisfaction is based 
peoples' needs, 
needs will more likely lead to 
satisfaction. 
The voice . the customer gives 
description of the problem to be 
solved from the viewpoint of the 
customer. It comprises a 
heirarchical set of customer 
needs 
Figure 2.2 Key Findings of the Customer Satisfaction Literature 
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2.2.1 Models of Satisfying and Delighting the Customer 
Customer satisfaction literature reveals two models of customer satisfaction, the first 
conceptualises customer satisfaction as being based on peoples' needs and meeting those 
needs will lead to satisfaction, the second relates satisfaction to the fulfilment of 
preconceived expectations (Fournier and Mick 1999; Mather 1999; Schneider and Bowen 
1999). 
It is suggested that the attainment of customer satisfaction is beneficial both to the 
manufacturer and the customer. Customers are benefited by an "enhanced lifestyle and an 
increased capacity to perform productively" (Osborne 1995). Businesses are said to benefit 
from increased product and business success and a superior financial and competitive 
position (Clausing 1994; Donovan and Samler 1994; Matzler, Hinterhuber et al. 1996; Zairi 
1996; Calabrese 1999). However, it appears that in an environment of ever-increasing 
market competition it is no longer sufficient to merely satisfy the customer (Mather 1999; 
Schneider and Bowen 1999). Delighting the customer has become the new aim of 
manufacturers, with the promise of increased customer loyalty accompanying its attainment 
(Schneider and Bowen 1999). 
Customer delight builds upon the concept of customer satisfaction. According to Kano's 
model (Kano, Seraku et al. 1984), customer delight is achieved through functional 
innovations that fulfil the unvoiced needs of the customer. Alternatively, the work of Rust 
and Oliver (2000) considers delight to result from exceeding customer expectations to a 
surprising degree. Recent studies by B urns and E vans (2002) indicate t hat customers are 
delighted by both the individual aspects of a product and the whole product experience; 
encouraging manufacturers to consider the delivery, meaning and emotional appeal of a 
product, in addition to product features. 
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According to Kano's model, Figure 2.3, there are three different types of customer 
requirement. The fulfilment of each requirement impacts the level of customer satisfaction in 
distinctly different ways. `Basic Qualities' are those customer requirements that are so 
fundamental to a product that a customer would not conceive it necessary to communicate 
this requirement. Whist the absence of a basic quality feature from a product leads to high 
levels of customer dissatisfaction, the customer tends to be indifferent to its presence. 
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Figure 2.3 The Kano Model of Product Quality 
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`Performance Qualities' are spoken customer requirements, which are usually identified 
through market research. A failure to deliver these attributes leads to customer 
dissatisfaction. However, as the degree to which these attributes are delivered increases, so 
to does the level of customer satisfaction. Exceptional delivery of performance qualities has 
even the potential to delight the customer. 
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The third type of customer requirement identified by Kano, refers to "Excitement Qualities". 
Excitement qualities are attributes that a customer does not articulate because the customer 
does not yet know that he or she desires such an attribute. If an organisation is able to 
identify and successfully deliver excitement qualities they are able to generate high levels of 
customer delight. By contrast, the absence of excitement qualities does not lead to 
dissatisfaction. Figure 2.3 graphically represents the effects of these three qualities on 
satisfaction, dependent upon the level of successful implementation. More detailed 
explanations of Kano's model can be found in Berger, Blauth et al (1993) and Hofineister, 
Walters et al (1996). 
As previously discussed, customer satisfaction literature provides two different perspectives 
of customer satisfaction, namely those of need and expectation fulfilment, and indicates that 
customer delight, as opposed to satisfaction, is more relevant in the current increasingly 
competitive market. Despite the present trend towards delighting the customer it is suggested 
that the i mmediate goal ofATc ompanies s hould beto1 earn h ow tos atisfy the customer 
through the fulfilment of the customers' needs, rather than delighting them by exceeding 
their expectations. Despite having a competitive market, the assistive technology sector has 
not yet reached the point where having fully satisfied the customer the next step in 
maintaining a competitive advantage is to exceed the customers' expectations and delight 
them. 
Kano's model dictates that for the customer to be satisfied they must have their basic and 
performance requirements successfully fulfilled by the product. An examination of the 
literature reveals strategies for how an organisation might produce products with such 
features. Such a strategy can be summarised by three key steps: 
1. The identification of the customer's needs (Griffin and Hauser 1993; Donovan and 
Samler 1994; Zairi 2000; Adebanjo 2001); 
2. The translation of these needs into actionable information (Donovan and Samler 1994; 
Zairi 2000); 
3. The incorporation of these actions both into the product design and the product 
development process (Donovan and Samler 1994; Bailetti and Litva 1995; Calabrese 
1999). 
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2.2.2 Hearing and Acting on the Voice of the Customer 
In order to be able to meet the needs of the customer it is necessary for a company to hear the 
voice of the customer (Griffin and Hauser 1993). The term `voice of the customer' is often 
used in relation to satisfaction strategies and refers to a form of customer input (Griffin and 
Hauser 1993; Jarvis 1999), which gives a description of the problem to be solved from the 
viewpoint of the customer (Matzler, Hinterhuber et al. 1996). More specifically, the voice of 
the c ustomer isd efined as "ac omplete s et ofc ustomer w ants and n eeds e xpressed in the 
customers own language, affinitized and prioritorized" (Katz 2001). Strategies that 
concentrate on identifying and incorporating the voice of the customer into the product 
development process are particularly relevant to the assistive technology sector, where 
designers tend to have different levels of ability and are of a different generation to elderly 
and disabled users. Without customer input into the design process the development of 
customer satisfying AT products is likely to fail. 
A number of methods are available to gather the voice of the customer and are known as 
market r esearch m ethods. 0 verviews ofa ccepted forms ofm arket r esearch are g iven b y, 
amongst others Dolan (1993), Krueger (1994) and Morgan (1998). A publication by the 
Netherlands Design Institute (2000) provides a structured overview of both traditional and 
emerging market research techniques. Table 1 summaries some of the methods available to 
elicit the voice of the customer. 
While market research can be time consuming and costly it is a necessary activity in the 
process of developing a product to fulfil the needs of the customer. Market research methods 
vary in the resources they require for implementation and the type of information they 
generate. The PRESENCE group (Netherlands_Design_Institute 2000) has produced a tool 
called the Methods Lab that enables the identification of marketing methods suitable for a 
given project, based upon the attributes of the methods and the needs of the project. 
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Table 1 Methods Available to Elicit the Voice of the Customer 
Method Description of Method 
Method description A photographic record of an activity, process, or an interaction 
photo-essays between a person and an artefact. 
Observation A third party is watched and notes taken to record the activity or 
interaction. 
Questionnaires The qualitative or quantitative collection of data. 
Structured interviews A one-on-one discussion, with open questions, with 
conversational prompts rather than questioning. 
Focus groups Discursive interactions between participants focusing on 
particular issues and moderated by a facilitator. 
Expert user groups Participants with experience of a particular environment, process 
or artefact engaging in design evaluation. 
User diary A record of a participant's interactions and activities within a 
defined environment and time span. 
Empathic modelling Role-play, using adapted items such as eyewear, is used to 
simulate a physical disability. 
Beta testing Working prototypes are placed with selected customers to test 
the influence of environmental factors and customer satisfaction. 
Physical measurement The anthropometrics, range of movement, grip strength, etc are 
of user measured to understand user capability. 
Usability trials Product evaluation and prototype testing by the target consumer 
population. 
Task analysis Defining and recording the actions and interactions of a person 
carrying out a particular task. 
Product in use The observation of people using products in real life. 
Scenario of use Customers take part in a role-play where facilitators act out an 
workshop aspect of product usage and the identification of needs and ideas 
are recorded in real time. 
Mixed design group A customer workshop where designers and engineers work 
together with customers to generate product ideas. 
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Having identified the voice of the customer, the next step towards satisfying the customer is 
to incorporate this input into the design process. As with the process of identifying the voice 
of the customer, tools exist to aid the process of acting on this information and incorporating 
it into the design activity. Mechanisms used in known methodologies, such as quality 
function deployment, concurrent engineering and requirement trees include incorporation of 
requirements via matrices, cross-functional design teams and the translation of requirements 
into verifiable statements. Quality function deployment uses the matrices mechanism and is 
recognised as a method for listening to and embedding the prioritised voice of the customer 
into the entire product development process (Ettlie 1993; Griffin and Hauser 1993; Shen, Tan 
et al. 2000). Methods for incorporating the voice of the customer into the design process are 
discussed further in Chapter 5.2.2. 
Customer satisfaction literature indicates that manufacturers will benefit from increased 
product success and improved competitive position if they satisfy the customer. One means 
of satisfying the customer is to provide the user with a product that meets their needs. The 
process of developing a product, which meets customer needs, requires that the voice of the 
customer be identified and acted upon. Various methods and tools are available to aid these 
activities. Assistive technology literature suggests that AT products are failing to satisfy the 
customer and argues that the onus is on manufacturers to improve assistive products. Based 
upon the findings of customer satisfaction literature, this suggests that a possible contributor 
to low levels of AT customer satisfaction may be due to either the market research or the 
product development activities of AT companies. Research into AT manufacturer activities 
maybe worthwhile to ascertain the validity of this suggestion. 
Supporting Customer Focused Design in the Assistive Technology Industry 
2.3 Current Research in the Area of Assistive Technologies 
Assistive technology literature suggests that manufacturer activity is contributing to low 
levels of customer satisfaction. A review has been conducted of research within the assistive 
technology field to identify relevant developments in this area. 
A review of published research reveals seven key areas where research is being conducted in 
the field of assistive technology. `Design for All' appears to be the central theme of many 
research groups and projects. User-centred design and usability also seem to be important 
issues in current research. Examples of research organisations that focus on these key areas 
of interest include TIDE/TAP (Technology for the Integration of Elderly and Disabled 
People), Equal (Extending Quality Life) and EIDD (European Institute of Design and 
Disability). Examples of individual projects with design-for-all, user-centred design and 
usability driving the direction of their research include: 
" The, Royal College of Art's Helen Hamlyn Research Centre and the Engineering 
Design Centre's (EDC) collaboration on the I-Design project - inclusive design for 
the whole population; 
" User Centred and Participatory Design conducted by the Design Research Group at 
Loughborough University; 
" TIDE's USER project which has developed a methodology for user-centred design. 
Other research topics prevalent in this field are Telematics ("integrated multimedia 
information systems, linking information technology, telecommunications and information 
highways" (Lehto 1998)), the design of the environment for elderly people and the 
generation of information to assist designers in an understanding of the needs of elderly 
users. 
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Additionally, it has been observed that many current research projects aim to develop tools, 
methodologies, guidance or standards for designers and industry as a whole. For example, 
research is being conducted into the development of: 
"A methodology for user-centred requirements specification for telematic services 
(RESPECT); 
"A methodology for the evaluation of rehabilitation technologies with regard to costs 
for society and benefits to the end user (CERTAIN); 
" Design guidelines and standards for architectural design of residential and nursing 
home environments (DICE). 
Examining t he p rogression ofr esearch i nterests in t he a ssistive t echnology field reveals a 
change in emphasis that reflects both a change in attitude and the advancement of 
technology. Prior to the mid-to-late 1990's the remit of many research organisations was to 
foster research that promoted better design for people with disabilities. The design-for-all 
concept was only adopted by these organisations during the late 1990's and early 2000's. In 
terms of technology, there is growing research into the development of telematic applications 
and technological solutions that take advantage of the Internet and other web-based 
resources. A further progression in assistive technology research has been the increasing 
emphasis on the importance of user involvement both in product design and in the services 
that provide products to the end-user. 
A number of the research projects are of particular relevance to the research objectives. 
These projects appear to be relevant because they focus on one of more of the following: 
" The specification of customer requirements 
" The assessment of the assistive technology industry 
" The assessment of assistive technology equipment 
" Developing methods to assist designers 
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2.3.1 Specification of Customer Requirements Research 
In the area of specifying customer requirements the work of RESPECT and the Engineering 
Design Centre (EDC) is of particular interest. The main objective of TIDE/TAP's RESPECT 
Project (Requirement Engineering and Specification in Telematics) is to promote 
methodology for user-centred requirement specification. The work of the RESPECT Project 
is grounded in past and current TAP research projects. It has worked closely with designers 
on other TAP projects to collate and develop methods for the specification of user-centred 
requirements and the usability focused design of telematic applications. By its conclusion, 
the RESPECT project had produced a procedural methodology, for use by other telematic 
application projects, to define and specify the requirements of users of telematic multimedia 
services. 
RESPECT's development of a requirement specification methodology suggests that assistive 
technology designers may require assistance in this activity. The methodology emphasises 
both the consideration of user interface and the importance of testing prototype products with 
users. The handbook also provides information for designers on the types of methods that 
can be used to gain customer input. While the methodology has been developed for the 
assistive technology industry, the method is more specifically aimed at telecommunication 
and information technology systems rather than the design of low technology assistive 
products. The method itself identifies three phases where requirements should be specified 
in the development process and specifies what should be identified at these stages. However, 
the method does not provide the designer with mechanisms for consolidating and elucidating 
identified requirements. While the method identifies good practice for specifying customer 
requirements, RESPECT has developed the methodology independent of designers working 
in the assistive technology sector because the methodology is intended for use in other TAP 
projects. The design of the methodology, without consideration of the abilities and 
characteristics of assistive technology companies and the telematic focus of the method, may 
limit its suitability for assistive technology manufacturers. 
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At Cambridge's Engineering Design centre (EDC), research was conducted into the 
development of a method to capture requirements for the design of medical devices. 
Forming part of its research, the project conducted a review of related literature to identify 
current practices in the area of requirements capture. Working with medical device 
developers, case studies and interviews were used to develop and evaluate requirement 
capture guidelines. The resulting requirements capture method comprises four stages, these 
involve: 
1. A functional analysis of user needs 
2. The use of a requirement check list 
3. A review of the regulatory requirements 
4. A draft of the requirements specification 
The work of this research project suggests that requirements capture in the medical device 
industry is an area requiring attention. While both medical devices and assistive technologies 
come under the banner of the health care, the medical devices sector is subtly different from 
the assistive technology sector. The medical devices industry provides products for the 
medical profession to use when treating patients, whilst assistive technologies are used by 
individuals to retain their independence. The divergent nature of medical devices and 
assistive technologies means that the need for requirements-capture guidelines in the area of 
medical devices can not be used as an indication of a similar need in the assistive technology 
industry. However, the EDC's research does identify methods for requirements capture 
which may be relevant to the assistive technology industry. 
2.3.2 Research Assessing the Assistive Technology Industry 
The HEART Project (Horizontal European Activities in Rehabilitation Technology), 
completed in 1994, studied the rehabilitation market in Europe at national levels. The 
project's objective was to identify the degree of cooperation between participants in this 
industry, such as that between manufacturers and medical doctors, institutions, user groups, 
universities and healthcare systems. The purpose of the research was to examine successful 
cooperation between participants and to analyse the obstacles to cooperation between 
industrial companies, with a view to redressing the fragmentation of the European market for 
rehabilitation products. 
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The work of the HEART study provides an insight into the assistive technology market, 
including its industry on a national and European level. This work also classifies the 
participants in the rehabilitation market and highlights the need for greater co-operation 
between manufacturers and product users. Unfortunately, this research does not examine the 
design practices of assistive technology companies. 
2.3.3 Research Assessing Assistive Technology Equipment 
Three studies were identified as conducting research into the evaluation of assistive 
technology equipment. These include the work of the Medical Devices Agency, the 
CERTAIN Project and the EATS programme. The Medical Devices Agency (MDA), which 
in April 2003 became the Medicines and Healthcare Products Regulatory Agency, routinely 
evaluates assistive technology devices under its Disability Equipment Evaluation Programme 
(DEEP). Device evaluations are designed for purchasers and prescribers of AT equipment to 
help them to identify products which best match the needs of an individual or group of users. 
The agency uses both qualitative and quantitative methods to investigate products and input 
is invited from users, informal carers and health and social-care professionals. 
The evaluation reports generated by the programme detail aspects of a product such as 
loading capacity, dimensions and power supply source; helping to enable comparisons 
between products. While comments from users and prescribers are included where 
appropriate for each product, product evaluations do not extend to comments on product 
effectiveness or satisfaction levels associated with a product. Whilst useful to purchasers and 
prescribers of assistive devices, the work of the Medical Devices Agency's DEEP 
programme does not add to the knowledge of assistive technology user satisfaction. Its 
research also does not increase levels of understanding on AT quality or on the ability of 
assistive devices to be effective, efficient or comfortable. 
The work of the CERTAIN Project (Cost-Effective Rehabilitation Technology through 
Appropriate Indicators) has been to develop a methodology for the evaluation of 
rehabilitation technology with regards to cost for society and benefits to the end-user. "The 
ability to demonstrate the effectiveness of assistive technology is necessary at many different 
levels of decision-making. The following groups require knowledge of the effectiveness of 
assistive technology: 
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1. Individual users of assistive technology 
2. Professionals prescribing AT have a need to optimise provisions 
3. Service providing institutions need to gauge their performance 
4. Policy makers face limited resources, increasing demands from an ageing populations 
and a fast expanding supply. " 
(Persson and Hellbom 2000) 
At the conclusion of the CERTAIN Project a methodology for cost-utility analysis had been 
developed. The utility-analysis portion of the method was limited to generic outcome 
measures based on user preference. However, for the cost portion of the methodology a 
broad analysis tool was developed, which examines societal costs of a product. The project 
found t hat its w ork w as b eing 1 imited by its r eliance one xisting u tility a nalysis in ethods, 
which w ere found toh ave w eaknesses w hen applied toa ssistive t echnology. T he h ealth- 
related measures of these methods were found to be unsuitable for people with disabilities 
due to their low sensitivity to changes in state. 
The work of the EATS Programme (Efficiency of Assistive Technology and Services) 
continued that of the CERTAIN Project's. Under EATS, two instruments have been 
developed to rectify the weaknesses in CERTAIN's cost-utility analysis tool: 
1. The Individually Prioritised Problem Assessment Tool (IPPA). 
2. EATS 2-D 
The IPPA instrument is used as an effectiveness measure. The measure describes the 
outcomes, generated by the provision of assistive technology, in terms of solutions to 
problems identified by the user. 
The EATS 2-D instrument is designed to be used in conjunction with a pre-existing standard 
measure of utility, the EuroQol instrument. EATS 2-D complements the output of EuroQol 
by describing the changes, caused by the provision of assistive technology devices on the 
impact on disability in daily life. 
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The EATS enhanced CERTAIN method for cost-utility analysis enables comparisons 
between different technologies and according to the EATS Project it forms the basis for the 
efficient use of resources concerning assistive technology products. Since the utility analysis 
portion of the method measures, amongst other factors, satisfaction with devices, the uptake 
of the CERTAIN method should lead to a clearer picture of the level of satisfaction generated 
by assistive technology products. Unfortunately, reports on the EATS and CERTAIN 
Projects do not provide data on the utility of devices, information that is likely to have been 
generated when validating the method. Whilst not strengthening the case that assistive 
technology products are failing to satisfy the user, the findings of the CERTAIN Project, that 
current utility measures are weak when applied to assistive technology products, may 
partially explain the lack of research measuring assistive technology utility or related product 
satisfaction. 
2.3.4 Research into Methodologies for Assistive Technology Designers 
The USER Project (User Requirements Elaboration in Rehabilitation and Assistive 
Technology), over a twenty-four month period in 1994, developed design tools and guidance 
for developers of rehabilitation technology. The aim of the USER Project was to elicit, 
capture and integrate human-factors information and to encourage the application of usability 
principles both within TIDE and the assistive technology sector more generally. 
The USER Project developed the USERfit Methodology. The methodology is comprised of 
nine tools designed to assist in the process of collating design information obtained using a 
variety of data gathering techniques. The nine tools are as follows: 
1. Environmental Context 
2. Product Environment 
3. User Analysis 
4. Activity Analysis 
5. Product Analysis 
6. Product Attribute Matrix 
7. Requirements Summary 
8. Design Summary 
9. Usability Evaluation 
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The work of the USER Project suggests a failure of assistive technology designers to develop 
products that are usability engineered; where the term usability, as employed by the USER 
Project, encompasses the terms effective, efficient, safe and comfortable. The USER Project 
seeks to help assistive technology designers to r educe this failure by providing them with 
tools and guidance to help them consider factors which impact on usability. While an 
important development, a closer examination of USER's tools reveals that the focus of the 
methodology is on the user, with little consideration being made to the needs and capabilities 
of assistive technology manufacturers. This factor may affect the uptake and use of the tools. 
The USERfit tools are designed to prompt designers to consider the functional requirements 
of a product in all the stages of its life cycle, including maintenance, training and use. Whilst 
the names of some of the tools imply a particular role in the product specification process the 
reality of the role is sometimes different. For example, the Environment Context Tool does 
not prompt the designer to detail the environment in which a product is likely to be used, 
rather the designer is encouraged to consider the impetus for the product, such as why the 
product is needed and who is likely to purchase it. 
With the USERfit Methodology product specifications are developed independent of the 
customer requirements. These specifications are later examined for their compliance with 
customer requirements and are altered accordingly. While the USERfit Method ensures that 
non-customer derived specifications are considered from the outset, this method appears to 
be inefficient in its means of developing customer satisfying product specifications. 
A further feature of the USERfit methodology is that its Design Summary Tool qualitatively 
describes the required product functionality and how this functionality is to be realised. 
However, neither the Design Summary nor any other guidance in the methodology prompts 
or assists the development of a quantified product design specification, against which a 
design can be measured. 
2.3.5 Designing to be Inclusive 
Research looking at ways to make products inclusive to a wider set of users is being 
conducted in a number of areas. These include activities to widen proposed user groups and 
activities to understand customer capabilities. 
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The I-Design project is looking at inclusive design for the whole population. Its aim is to 
provide industrial decision makers with mechanisms to understand the significance of age 
and capability related factors. The project has developed a British Standard, BS7000-6 
Guide to Managing Inclusive Design, and is developing a toolkit on best practice in inclusive 
design. 
Again in the area of inclusive design, a design tool for the multivariate estimation of 
percentage of population accommodated is being developed by the Design Ergonomics 
Group at Loughborough University (Marshall et al, 2001). The tool comprises a multivariate 
database concerning t he a nthropometric and functional abilities ofp eople, i ncluding t hose 
who are older or who have disabilities. The tool enables the percentage of population 
accommodated to be estimated based upon criteria for task success set by the designer and 
includes information involving access, fit, reach, vision, strength and posture (Marshall et al, 
2001). 
Both the I-Design project and the multivariate design tool have important contributions to 
make to the area of inclusive design. However, work by Keates (1999) examines different 
approaches to designing for users with varying degrees of impairments; approaches 
examined include inclusive design and assistive technology design. Approaches were 
assessed b ased upon the relative size of population accommodated; w here population was 
characterised by varying sensory, cognitive and motion capability. Keates finds that, while 
"the inclusive design approach will produce products that would be widely accessible by 
large sections of the population", these products would be "unlikely to be accessible to the 
more severely impaired" and suggests that "a modified version of the assistive technology 
design approach is most suitable for this user group". 
While the inclusive/design for all approach is not likely to yield products suitable for 
severely impaired users, a modified version of Marshall's (2001) multivariate design tool, 
focusing on the impaired portion of the user population would perhaps provide a useful tool 
to AT designers, highlighting design features which would require task execution that is 
beyond the capabilities of the intended user group. 
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Research, conducted by the recently renamed ICE Ergonomics group, ESRI (Ergonomics and 
Safety Research Institute), focuses on a user-centred approach to design. ICE in 
collaboration with FORD has developed a `third age suit' for use by design engineers. Based 
upon a "review of the physiological effects of the aging process, the suit was developed to 
help design engineers to think about the needs of third agers. The suit simulates reduced 
joint mobility, tactile sensitivity and visual capability. "(Hitchcock, 2001) Through the use of 
specifically designed gloves, glasses and a restrictive body suit the designer is able to begin 
to experience some of the difficulties faced by elderly users. Tools like the third age suit, 
which help to simulate reduced capability, offer AT designers an additional means of 
increasing customer understanding and should perhaps be used in conjunction with other 
market research methods. 
Current research in the area of assistive technology is placing increasing emphasis on Design 
for All and user-centred design. As a result there are a growing number of research projects 
and programmes that are aiming to develop guidance for developers of assistive technology; 
this guidance generally takes the form of either standards or methodologies. 
While research does exist that would appear to provide evidence for poor device performance 
or short-fallings on behalf of the AT developer, a closer examination of these projects reveals 
a focus of research which does not deny or support the theory that assistive devices are 
failing to satisfy the user and that manufacturer activity is responsible for this. 
A study of the research into the development of methods and tools for assistive technology 
design reveals, despite an emphasis of user-centred design, areas that are neglected by these 
methodologies. In particular these methods do not assist designers in the development of a 
quantified and customer based product design specification; whether there is a need for such 
assistance has yet to be established. Methods developed to aid the design of AT also have 
not paid significant attention to the requirements and capabilities of the AT manufacturer. 
Attitudes and capabilities of this group are likely to affect the uptake and success of the 
developed methods. Further research is required into identifying factors that may affect the 
suitability of a method for the assistive technology sector. 
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2.4 Findings 
Assistive technologies have an important role to play in maintaining the independence, self- 
worth, safety and societal participation of individuals with impaired body functions. The 
UK's a geing p opulation is1 eading to increasing demands for such d evices. T his coupled 
with the finite resources for a ssistive technologies, reinforces the importance of providing 
elderly and disabled people with durable products that satisfy the user's need for safe, 
effective, efficient and independent functioning without the loss of self-respect. 
Studies of assistive technology equipment find significant levels of product abandonment and 
highlight concerns with products, which include functionality and safety issues. These 
findings suggest that assistive technology products, to some degree, are failing to satisfy the 
needs of the customer. Professionals in the rehabilitation field maintain that it is the 
manufacturers' responsibility to improve assistive devices, implicating manufacturer activity 
as a contributor to low levels of customer satisfaction. 
Whilst research is being conducted into developing guidance and methodologies for 
designers of assistive technology equipment, studies of AT company activity or capability 
have not been conducted. Customer satisfaction literature suggests that the customer is 
satisfied through the development of products that meets their needs, and this development is 
dependent upon the effective capture and incorporation of customer requirements into the 
product development process. Research into AT manufacture activity is necessary to identify 
if their market research and product development practices are contributing to the state of 
assistive technology equipment. 
The focus of current AT design methods is on the customer, with no apparent consideration 
of the method's suitability for use in AT companies. Methods produced as a result of current 
research in this area also appear to not assist designers in the development of a quantified or 
customer based product design specification. A study of manufacture activity could be used 
to identify features of AT companies that would act as a barrier or enabler to the 
implementation of design methodologies in this sector. Additionally, a study of manufacture 
activities would reveal where in the product development process assistance is required in 
order to focus on the voice of the customer. 
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The AT customer has characteristics which makes designing for them different to designing 
for other consumers. The multiple stakeholder aspect of the AT customer places added 
requirements on a product, particularly where the main route to the customer is through a 
body such as Social Services. The heterogeneous nature of the end-user also makes 
obtaining and consolidating information on their needs difficult. This sometimes prompts 
companies to seek end-user information through intermediaries such as occupational 
therapists. Gaining access to end-users is also difficult, and large numbers of end-users even 
more so. Client confidentiality prevents users being identified through Social Services. One 
platform where companies can try to access potential end-users and other stakeholders is via 
trade exhibitions. A further characteristic of the AT design is the disparity between designer 
and user experience. Although this gap is present in other sectors, the AT designer's lack of 
innate understanding of user's impairments makes designing for these needs more difficult. 
As a reflection of the multi stakeholder aspect of the assistive technology customer, for the 
remainder of the thesis, the term customer is used to include all stakeholders involved in a 
product including the end-user. Where specific stakeholder groups are referred to, the 
relevant stakeholder name will be used. 
In light of the findings of the literature survey, the research outlined in Chapter 1 has been 
undertaken. Chapter 3 outlines the strategy and methods used in the research. 
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3 Research Strategy 
Chapter 2 provided a review of the literature concerning assistive technology and customer 
satisfaction. Chapter 3 outlines the research objectives for the project and the strategy and 
research methods used to achieve these objectives. The specific details of each application of 
the research methods are discussed in Chapter 4, in conjunction with the results of each 
study. 
The literature examined in Chapter 2 indicates that assistive technologies may not be 
satisfying the customer. It suggests that this failure may be due, at least in part, to the 
activities of the manufacturer. Very little work has been undertaken to establish what the 
behavioural d eterminants oft he failure top roduce c ustomer-satisfying p roducts are int he 
assistive technology sector. As a result of the limited work previously conducted in this area, 
it was proposed that research be conducted to establish these behavioural determinates with 
the further aim of aiding manufacturers to design and manufacture AT products which better 
satisfy the needs of the customer. 
In approaching this research area both an inductive and deductive approach was proposed. 
Whist deductive research constructs theory with little emphasis on the source of that theory, 
the application of an inductive approach before a deductive one was chosen to increase the 
likelihood of developing a theory that was usable. "Theory that develops out of systematic 
empirical research is more likely to be useful, plausible and accessible" (Gill and Johnson, 
2002). The inclusion of a deductive phase allows the developed ideas to be embodied and 
then tested. 
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In considering possible studies for the inductive phase, a number of research avenues were 
explored. Research considered included: 
1. A study of AT end-users to better understand their mode and level of satisfaction with 
assistive technology products. This study could have taken the form of multiple 
interviews, postal survey, user diaries or observational research. 
2. A study of Social Services, a significant stakeholder of AT products, to examine 
Social Services as a source of customer requirements and the effect of Social 
Services' influence of on the development of AT products. This study could have 
been conducted either using a series of focus group studies or a detailed case study 
with a single department. 
3. A longitudinal case study with an AT manufacturer to understand, in depth, the 
activities and processes employed in researching, developing and manufacturing an 
AT product. 
4. A large postal survey of UK assistive technology companies to gain a broader 
understanding of manufacturer activity with regard to their product development 
process. 
Each of the proposed studies and possible research methods has limitations. As discussed in 
Chapter 2, gaining access to large numbers of AT end-users is difficult; the personal nature 
of assistive devices is a barrier to more intrusive research methods such as observational 
research; long product lead-times within the AT sector make a conclusive longitudinal study 
difficult. In considering the use of the postal survey method, a large postal survey could give 
a broad overview of manufacturer activity however, such a study would be unlikely to reveal 
details of what is influencing the development of products, since "the postal survey method 
rarely reveals anything which in some sense has not already been anticipated" (Sapsford, 
1999). 
The decision was taken to research, in the context of the manufacturer, how and why 
assistive technology products are failing satisfy the customer and to establish if a design tool 
can be created that overcomes the identified issues and which enables companies to design 
customer satisfying AT products. With regards to the limitations of the possible research 
approaches discussed above, the decision was taken to conduct smaller studies with both 
occupational therapists from Social Services and assistive technology companies; 
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triangulating these studies to give a broader understanding of the assistive technology 
problem. The research methods considered and chosen for use in the inductive phase of the 
research are discussed in Section 3.1. 
The objective of the deductive phase of the research is to establish if a design tool can be 
created that overcomes the issues identified in the inductive phase of the research and which 
enables companies to design customer satisfying AT products. The choice of the approach 
for the second phase of the research is constrained by the deductive nature of this phase of 
the research; limiting the initial stages of this phase to the development of a design tool based 
upon the synthesis of the findings from the first phase of the research. Through the 
embodiment of the findings of the inductive phase in a design tool, it is possible to test the 
tool and thereby test the understanding of why AT products are failing to meet the needs of 
the customer. Limited testing of the tool is intended to provide an indication of whether the 
tool is viable, thereby reflecting on the accuracy of the tool specifications developed from the 
synthesis of the findings from the inductive phase. Additionally, studies to test the tool may 
also reveal previously unidentified insights into the AT sector. 
Like the inductive phase of the research, alternative approaches to testing the design tool 
were considered for testing different aspects of the tool, such as the tool's usability, 
attractiveness to AT companies and the effectiveness of the tool. Possible approaches 
include: 
1. Applying the tool, within an AT company, to the development of an assistive product 
and testing customer satisfaction levels with the resultant product. A company case 
study and a series of customer focus group could form the basis of this research. 
Alternatively, both the applying company and users of the product could complete 
user diaries. 
2. Exposing a number of AT companies to the tool and eliciting their response to the 
tool. Exposure could possibly be gained through workshops or the mailing of copies 
of the tool to companies. Feedback could take the form of focus groups, or postal 
questionnaires. 
3. Detailing the application of the tool within companies of varying size and observing 
how they adapt the tool; this could be done through multiple longitude case studies. 
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Due to long product lead times it is not feasible to study the application of the tool within an 
AT company and then examine levels of customer satisfaction with the tool. While the level 
of detail that could have been obtained through such an approach cannot be replicated, the 
use of smaller studies to gain insights into the tool's usability and acceptability to AT 
companies is possible. The choice of research methods to accomplish this aim and that of 
identifying further insights into the sector is discussed in Section 3.2. 
Figure 3.1 illustrates the approach to the research taken by the project. The inductive phase 
of the research comprises a series of parallel research investigations. These are triangulated 
against each other in order to establish the occurring themes of how and why assistive 
technologies are failing to satisfy the customer. The deductive phase consists of two areas of 
research that are grounded in the findings of the inductive phase. The first concerns the 
embodiment of the inductive phase's findings in a design tool through three successive 
development activities. The second consists of a group of parallel studies that begin to test 
the validity of the developed tool and the findings on which it was based, which may provide 
further insights into the assistive technology sector. While the rationale for the selection of 
each research method is discussed in this chapter, the procedures for each are discussed in 
detail in Chapter 4. This is intended to help contextualise the findings of the research. 
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3.1 Research Methods Used in the Inductive Phase 
A variety of qualitative research methods were considered for use in the inductive phase of 
the research. These are outlined in Table 2. 
Table 2 Methods Considered for Application to the Research 
Method Major Advantage(s) Major Disadvantage(s) 
Secondary Sources Convenient; draws on 
analysis of others 
Data frequently unavailable, 
inappropriate or incomplete 
Questionnaire and 
Interview 
Convenient Data of questionable reliability 
Focus Group Concentrated rich data Data of questionable reliability 
Diary Efficient; large sample size No help in developing 
understanding of new dimensions 
Observation Enables understanding of 
new dimensions 
Inefficient; difficult to interpret 
some activities 
Case Study Detailed data Data specific to site 
Adapted from: (Mintzberg, 1973) 
In total four studies were chosen to form the inductive phase of the research, the methods 
chosen for these studies were secondary sources, postal surveys, focus groups, and case study 
interviews. The combination of these methods and the chosen subjects for study is intended 
to given an understanding of the AT problem, in the context of the manufacturer, without 
being specific to a particular company. An additional benefit of using multiple research 
methods is the potential to triangulate data. Every research method has associated 
limitations. Triangulation not only provides a means to establish with a greater level of 
confidence the occurring themes of how and why assistive technologies are failing to satisfy 
the customer, it can also reduce the risk of chance associations, and can help cancel out some 
of the research methods' systematic biases. Triangulation is a powerful way of 
demonstrating concurrent validity, particularly in qualitative research (Campbell and Fiske 
1959). The limitations of each of the methods used in the research are discussed in Chapter 4 
in the context of the relevant study. 
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Secondary sources of information, in the form of current literature, were chosen to form part 
of the investigation into the characteristics of the assistive technology sector. The decision 
was taken to include this method in the research so that existing knowledge of the sector 
could be identified and unnecessary repetition of existing studies could be avoided. 
A combination of case studies and a postal survey of AT companies were chosen to give the 
research an appreciable level of revealing detail into manufacturer practices without being 
restricted to a single site. Case studies with multiple companies offer the further opportunity 
of identifying the attitude of these companies to different design practices. The postal survey 
was planned to address issues that were not identified in existing literature. In particular, the 
survey was planned to give a characterisation of the current product development activities of 
assistive technology companies. Postal surveys are cost-effective at gathering a lot of data 
and they enable widely dispersed respondents to be researched (Statpac 2002). They offer 
the opportunity for generalisations to be made about the population from which they are 
sampled (Oppenheim 1992) and are useful to add weight to a theory (Wellington 2000), such 
as the idea that AT manufacturers are not listening to their customers or acting on their 
needs. 
Focus groups conducted with a major AT stakeholder are to be included in the research. This 
is intended to provide an insight into how products are failing the needs of the customer and 
possibly to provide observations on the AT sector from those close to both the end-user and 
manufacturer. Occupational therapists working for Social Services were chosen to form the 
subjects of the focus group study. Influencing this decision is knowledge of the following: 
1. The difficulties in accessing the AT end-user. 
2. Occupational therapists ability to consolidate end-user information. 
3. Social Services forming a significant product delivery system for AT products. 
Focus groups were chosen over individual interviews and postal surveys because of their 
ability to efficiently produce concentrated amounts of rich detail. Additionally, observational 
research methods w ere inappropriate because of client confidentiality rules preventing the 
observation of OTs with their clients. In the absence of being able to study OTs working 
with their clients and AT products, the decision was taken to gather rich data solely from 
occupational therapists. Together the literature study, postal survey, focus groups and case 
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studies form the body of the inductive research. It should be noted, that while multiple 
methods have been chosen to increase confidence in their findings, not all systematic biases 
are removed by triangulation; the methods used are all subject to self-report bias. Further 
validity issues associated with the application of each research method are discussed in 
Chapter 4. 
3.2 Research Methods Used in the Deductive Phase 
As previously discussed, the approach taken to the first stage of the deductive phase is 
dictated by the second research objective. Prior to any development activities, the synthesis 
of the findings from the inductive phase of the r esearch must occur. This is achieved by 
consolidating the findings from all four studies to build an understanding of the AT sector 
and the factors contributing to poor AT design. The findings of this body of initial research 
are then to be examined to identify their implications for a design tool for the AT sector and 
are to be embodied in a set of design tool specifications. 
The method used for the development of the design tool specification is based upon the 
method suggested by Pugh (1991), which concerns the development of a product design 
specification. In this context the design tool is treated like a product. The information 
gathered through the inductive phase, the reasons why AT products are currently failing to 
meet t he n eeds oft he c ustomer, a re t reated 1 ike c ustomer r equirements and a re t ranslated 
from industry requirements into a set of design tool specifications. Pugh's method was used 
in the absence of a more pertinent method. 
To progress the second research objective, known methods of design that focus on the 
customer are to be compared to the design tool specifications to identify whether an approach 
embodying the specification already exists. If such an approach is not identified then a 
design tool will be developed. The tool development process is to be approached by first 
developing a model of the tools proposed functions and then relating these to Pugh's model 
of the design activity, before the mechanisms to achieve these functions are developed. The 
provenance of the tool is discussed in Chapter 5. 
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Similar to the inductive phase of the research, there is a choice of research methods available 
to test the tool and thereby gain further insights into the AT sector. As previously discussed 
a longitudinal case study of an AT company applying the tool is not possible. However, a 
number of small studies are possible. The design tool can be applied outside of the AT sector 
to verify that the tool is usable. The reactions of a small number of companies can be studied 
and the design tool can be compared to its original specifications. 
Comparing the design tool to its original specification will provide an awareness of where the 
tool deviates from the specifications. This data will be useful when considering the results of 
studies examining reaction to the tool. If the tool reflects the specifications then positive 
reception of the tool suggests that the specifications may be a good reflection of the needs of 
the sector. If the tool deviates from the specification then it will be harder to gauge the 
appropriateness of the specifications. Despite its value in testing the tool, due to its 
abstraction from the AT sector, this method will not offer the opportunity to identify new 
information about the sector. 
The second method chosen to test the design t ool is the application of the tool toanAT 
design problem. The purpose of this study is to assess the usability of the tool. While the 
tool cannot be tested in AT sector due to prohibitively long product lead times, it is possible 
to test the tool with final year engineering students as part of their project work. Within this 
context, the development process will only be taken as far as the detailed design stage, which 
inhibits the study of satisfaction levels associated with the designs. However, using 
designers trained in other methods of design will allow the performance of the tool to be 
compared to industrially accepted methods. Although the design students will be linked with 
an AT company and will be asked to work within the constraints of that company, it is 
unlikely that this method of testing the tool will reveal any new insights into the AT sector. 
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Two further methods were identified to assess the reactions of designers to the AT design 
tool. The first is a mini case study and the second is a focus group. The first was chosen to 
gauge the initial reactions of an AT company to the tool in terms of the tools perceived 
effectiveness and ease of use. If the tool is shown to comply with the tool specification in the 
first test study, strongly negative reactions will not be expected in this study. If however, 
unexpected reactions are received these are likely to reveal insights into the sector that were 
not identified in the inductive research phase. Similarly, giving designers experience of the 
tools in a group setting and asking them to discuss their reactions to, and opinions of, the tool 
will not only identify if the tool is acceptable to these companies but their reactions are likely 
to reveal previously unidentified attitudes. Identifying new features of the assistive 
technology sector, companies or design process may increase the understanding, formed at 
the end of the inductive phase, of how and why AT are failing to meet the needs of the 
customer. 
As discussed, four methods have been chosen to test the tool in order to overcome the 
difficulties associated with testing the tool within the AT design process. The use of a 
number of research methods offers the potential for the findings to be triangulated; increasing 
confidence and extendibility of the results. Additionally, some of the methods offer the 
potential for identifying further factors influencing the state of assistive technology products, 
and therefore can possibly contribute to the first research objective. Additionally, by viewing 
the findings of these four studies in the context of each other, it may be possible to suggest 
whether the tool is likely to enable companies to design customer satisfying assistive 
technology products; contributing to the realisation of the second research objective. 
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4 Methodology & Results of the Inductive Phase: Factors 
Influencing the State of Assistive Technology 
Chapter 3 outlined the project's research objectives, strategy and research methods. Chapter 
4, for each study, details the application of the research method, the characteristics of the 
study and its results. The four studies that form the inductive investigation are a literature 
survey, postal survey, focus group and a series of case-study interviews. 
4.1 Literature Survey 
4.1.1 Methodology 
A literature survey was used in the inductive investigation to identify the characteristics of 
the assistive technology sector. The sources of literature and other documentary evidence 
surveyed as part of this study included published papers, internal reports and FAME (2000), 
a financial database of UK companies. The databases, journals and keywords used in this 
survey are outlined in Table 3 below. 
Table 3 Secondary Sources of Information and Keywords Used 
Databases, includin : Journals, includin : Keywords (combinations of: 
BioMed Net Disability & Rehabilitation Physical Health 
Scirus British Medical Journal Disabil*/impariment function 
Science Direct Technology & Disability Sector/Industry/Market 
Stakes Assistive Technology Ageing/Aging/Grey/Older/Old 
Emerald Full text Disability & Society Product development/design 
ABI Research TIDE Congress Manufactur* 
Medline International Journal of 
Healthcare Quality 
Assurance 
Stakeholde*/Customer/End- 
user/Actor 
Compendex International Conference 
on Technology & Ageing 
Assistive Technolog*/devic*/ 
Product, Aid* & Adaptation* 
FAME Gerontology Rehabilitation 
Web of Knowledge Technology & Persons Standards/Codes/ 
with Disabilities 
Conference 
Practic*/Activit*/Characterist* 
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In reviewing the literature, an a priori framework was used to identify references relevant to 
the study. This framework categorised the literature according to its contribution to our 
understanding of the AT sector in terms of: 
1. Market Characteristics 
2. Customer Characteristics 
3. Product Development Characteristics 
As relevant references were unlikely to identify themselves under these three headings, more 
detailed filters were used. Firstly, keyword filters were used to identify references that were 
possibly relevant to these specific areas of interest. The literature was searched for words or 
phrases relevant to the keywords filters identified in Table 4. This first filter stage was 
chosen to be as broad as possible since it was not known what information was available on 
the s ector n or w hat c haracteristics in ight bei nfluencing t he d evelopment ofATp roducts. 
The second filter stage examined the references to identify those that were either making a 
statement about the AT sector's characteristics or the effects of these characteristics; 
statements relevant to individual companies or which had no bearing on our understanding of 
the sector were excluded. Those references that passed both of these filter stages form the 
results of the study and are presented in Section 4.1.3. 
Table 4 Keyword Filters 
Market Characteristics Customer Characteristics Product Development 
Characteristics 
Industry/Market Size AT Customer Manufacturing Capability 
Turnover Carer/Family Voice of the Customer 
Composition User Standards/Codes/British Stds 
Competition/Competitiveness Stakeholder Formal methods 
Company Size Route to Market/ Delivery Market Research e. g. Surveys 
_ Product Ranges Care home Activities/Practices 
Investment Private/Public Independent Imitation/ Copying 
Age of Industry Finance (Source of) Innovation 
Level of Technology Training/Experience Departments (Size/Structure) 
Entrepreneurial Social Services Product Development 
Constraints Customer Group Personnel/Employees/staff 
Capital Homo/Heterogeneous Skill/Experience/Background 
Market Restrictions/ Constraints User Data 
Trade/Body 
Worth 
Grants/Subsidies 
Recycle/Re-use/Borrow/Trial 
Product Testing 
Suppliers/Sources 
Innovative Disabled/Impaired Designer/Design 
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4.1.2 Characteristics of the Literature Survey 
As discussed in Chapter 3, a literature survey is subject to self-report bias, a factor which is 
to be taken into consideration when examining the findings of the survey. Except for the 
company data on the FAME database, no references were found pertaining to the 
characteristics of the AT sector after 1995. It is therefore necessary to triangulate the 
findings of the literature with other more recent studies to ensure that the characteristics of 
the sector, identified using this method, are still relevant. 
With respect to the FAME database, the version of the database examined was the 2000 
version. Although this was current at the time of the literature review there may have been 
new AT companies that were not included in the database, making it difficult to identify the 
total population of UK a ssistive technology companies. A further limitation of using the 
FAME database is that the database was not constructed for the purpose of examining the 
characteristics of a particular sector. Rather than being able to identify assistive technology 
companies through using a FAME provided label it was necessary to identify these 
companies based upon a description of a company's activities. It is possible that the total 
population of AT companies on the database was not identified. Despite these two 
limitations, the results of the FAME analysis were triangulated with other methods, 
confirming the characteristics of the sector and increasing the confidence in the sample's 
representation of the population. 
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4.1.3 Results of the Literature Survey 
The information identified through the literature review has been broken down into three 
categories. These describe the assistive technology sector in terms of its market, customer 
and product development capabilities. Figure 4.1 illustrates this breakdown. 
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Figure 4.1 Breakdown of AT Sector Characteristics 
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Figure 4.2 Spread of Company Size in the AT Sector 
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Average Turnover for Size of AT Company 
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Figure 4.3 Average Turnover for Size of AT Company 
Market Characteristics 
1. "The a ssistive t echnology market isc haracterised byap redominance ofs mall and 
medium enterprises" (Ajimal 1992; Buhler 1995; Richardson and Poulson 1995; 
Young and Sandhu 1995). Figure 4.2 shows the spread of AT company size, with 
over 80% of the identified companies employing less than two hundred people. 
2. The industry is highly fragmented due to the existence of "a large number of small 
firms r elying ons ingle products ort he d ominance ofan arrow r ange ofp roducts" 
(Ajimal 1992; Buhler 1995). 
3. Companies in the assistive technology sector are relatively young (Buhler 1995; 
Richardson and Poulson 1995). 
4. "There is a discouraging amount of private sector investment" (Ajimal 1992). 
5. "The absence of a specific design community inhibits the transfer of usability 
knowledge" (Richardson and Poulson 1995). 
6. Figure 4.3 illustrates the average turnover for the size of AT Company. 
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Customer Characteristics 
1. The assistive technology customer comprises a number of different actors 
(stakeholders), upon whom the implementation of the technology is dependent 
(Lorentsen 1995; Richardson and Poulson 1995). 
2. These stakeholders include medical orientated professionals who focus on diagnosis, 
treatment and care of the end-user (Buhler 1995; Lorentsen 1995). 
3. "The end-user group is diverse and heterogeneous" (Richardson and Poulson 1995). 
4. "The sector has a diversity of service delivery systems (Buhler 1995)". 
5. "The re-imbursement of the end-user and the re-use of products constrains the AT 
sector" (Buhler 1995). 
Product Development Characteristics 
1. Many AT companies are both manufacturers and distributors (Buhler 1995). 
2. "There is a lack of adequate and cost effective manufacturing capacity" (Ajimal 
1992). 
3. "There is an absence of commonly accepted standards for quality assurance" (Ajimal 
1992). 
4. "Imitation is very dominant in the AT sector and can be a threat to radical 
innovations" (Swarte and Bougie 1995). 
5. Product duplication is an issue due to uncoordinated product development (Aj imal 
1992). 
6. "Management, sales, marketing, research and development are the responsibility of a 
small number of staff' (Buhler 1995). 
7. There is a lack of easily accessible design related data about AT stakeholders. 
(Richardson and Poulson 1995). 
8. "The costs of research and development are beyond the financial skill resources of 
individual SMEs" (Young and Sandhu 1995). 
9. "There is a lack of skilled research and development professionals with industrial 
experience and development engineering skills" (Ajimal 1992). 
10. "There is an overall inability of the sector to fund marketing and sales specialists to 
undertake market research" (Ajimal 1992). 
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Since 1995, very little research has been conducted which examines the characteristics and 
development activities of the assistive technology sector. The categories of papers outlined 
in Table 5 over the page have been taken from the contents page of the latest proceedings of 
the TIDE congress, these indicate that there is no new research in this area. 
Table 5 Categories of Papers in the TIDE Congress 
1. Access and accessibilities in 1.1 Access in the information societies 
the Information Societies 1.2 Support for making accessibility 
1.3 Access to Web services 
2. Design for All 2.1 Educating Design for All 
2.2 Good practice on Design for All 
3. User training and 3.1 User studies 
empowerment 3.2 User empowerment 
3.3 User training and learning 
4. Realisation of the potentials 
of older people and people with 
disabilities 
4.1 Realisation of the potentials of older people 
and people with disabilities 
5. Older adults, products and 
services 
5.1 Older adults, products and services 
6. Assistive technology R&D 6.1 Augmentative and alternative communication 
methodologies 
6.2 Robotics 
6.3 Access to information 
6.4 Access through voice 
6.5 Mobility orientation and navigation 
6.6 Augmentative and alternative communication 
aids 
6.7 Devices for mobility 
7. Smart homes 7.1 Smart home networks 
7.2 Smart home devices 
7.3 Smart home Implementations 
8. Challenges and factors for the 8.1 Assessment of opportunities 
progress of assistive technology 8.2 Standards 
8.3 Economics and policy 
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4.2 Postal Survey 
4.2.1 Methodology 
A postal survey was used to identify the current activities and characteristics of assistive 
technology design companies, in particular their use of formal methods for customer input 
and the design process. For the purpose of sample selection, the definition used to identify 
those companies eligible to be surveyed was `a UK company, who designs commercial 
products intended to assist independent daily living for elderly and disabled people and 
whose products are not solely medical or computer-based assistive technologies'. 
Difficulties were faced in identifying the entire population of companies who fulfilled this 
definition. Following the advice of Wellington (2000), a list was drawn up of UK assistive 
technology companies and the list's limitations were acknowledged, see 4.2.2. The list was 
complied through combining company information contained in the FAME Database 
(Financial Analysis Made Easy 2000) and a list of past exhibitors at the NAIDEX (assistive 
technology) Exhibition. Forty-four companies were sampled from this list of 127 companies. 
The survey consisted of a mix of open-ended and close-ended questions. The questions were 
developed in accordance to guidelines given by Oppenheim (1992) and focused on the 
methods and procedures employed by AT companies in their design processes. A copy of 
the questions can be found in Appendix 1. The results of the survey were analysed by 
incorporating each company's response into a table to facilitate the comparison of activities. 
When examining the response of companies to the question of what design method or 
approach they used, it was recognised that a company's failure to specify their approach or 
their failure to use jargon such as `product design specification' does not mean that they do 
not have a formal design approach. In light of this, company responses were examined for 
any words or phrases which might indicate some form of structure. Responses were 
examined for references to activities concerning listening to customer requirements, 
consolidating this into a design problem and testing the product. Trigger phrases included 
`multi-disciplined development team, project planning system, design-brief, clinical trial and 
market segmentation'. This same approach was used when analysing the responses to other 
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survey questions. Trigger phrases regarding the structure of company market research 
activities included `discussions with OTs and local authority technical officers, listening to 
what these groups of people require, interactive groups, market studies'. Alternative 
interpretations of company responses are discussed with the results in 4.2.3. 
4.2.2 Characteristics of the Postal Survey 
Limitations with the postal survey are potentially introduced by the sample population list, 
non-response and sample size. The sample population list was compiled using data from a 
UK Company Database (FAME) and from a list of exhibitors at the NAIDEX Exhibition. 
There are two AT trade exhibitions within the UK - NAIDEX and Independent Living. It is 
possible that some companies will only exhibit at the Independent Living Exhibition, 
automatically excluding them from the sample population list. Companies who only attend 
one exhibition may be influenced by the cost of attending these exhibitions or may feel that 
there is little to be gained from attending both exhibitions. It is also possible that there are 
companies who do not showcase their products at either exhibition. These are possibly 
companies who sell their products directly to dealers, or those who do not push themselves to 
the same extent as those who do attend. In attempt to reduce the possibility of these factors 
skewing the findings of the survey - the NAIDEX exhibitor list was combined with the 
names of UK AT companies, identified through the FAME database. 
The company list, identified through the FAME database, is potentially affected by other 
limitations. Since AT companies within the database are not categorised under the heading 
of AT, it was necessary to identify these companies via other means. Originally, this was 
attempted by using UK SIC codes, however it was found that these codes did not provide an 
effective means of identifying this set of companies, these were identified instead through 
examining the description of their activities. Keywords, used in combination with product 
categories, were used to filter the activity descriptions. The keywords used are listed over 
the page. 
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Keywords and Product Categories, used to Filter Company Activity Descriptions 
Manufacture and: Wheelchairs 
Medical Transport Adaptations 
Assistive Household Fittings/Equipment 
Impairment Walking Aids 
Disabled Personal Care 
Healthcare Chairs 
Elderly Eating and Drinking Aids 
Orthopaedic Personal Toilet 
Lifting & Handling Equipment Pressure Relief/Seating 
Nursing and Rest Home Equipment Communication 
Lifts and Access Equipment Hoists 
Mobility Equipment Bed & Bed Accessories 
In using this approach it is possible that some AT companies were not identified. False 
positives were also an issue; these were later eliminated through contacted with the 
companies. Combining the company lists, obtained via these two different methods, helped 
to reduce any skew introduced by the individual method. In this way, no known limitations 
are placed on the study by the FAME/NAIDEX sample population list. 
The issue of non-response also offers the potential to limit the findings of the study. 
Reluctance of companies to be involved in the research may itself say something about the 
companies who are willing to be involved. In examining possible factors influencing a 
company's decision to exclude themselves from the study, the following possible causes 
were identified. 
" Size of company 
" Time constraints 
" Fear of copying 
" Reluctance to reveal their core business strengths 
" Failure to recognise the value of academic research 
" Lack of short term gain to justify the time 
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When comparing these possible factors against the characteristics of those companies that did 
take part in the Postal Survey or Case Studies, it was found that the surveyed companies also 
exhibited these characteristics. The shared characteristics of companies who were and were 
not willing to participate in the search indicate that it is not just the forward companies who 
were surveyed. 
Sample size offers a further source for limiting the survey's findings. Whilst the sampled 
population represents 35% of the known population and the response rate to the survey was 
32%, the fact that the actual numbers concerned are so small reduces confidence in the 
findings of the survey. With respect to this, triangulation is necessary if the findings of the 
survey are to be generalised. 
The final question on the survey concerned the design approach used by the responding 
company. It w as found t hat the r esponses elicited byt his q uestion in ainly c oncerned t he 
company's focus on the customer, with only 16% of the sampled population responding to 
the actual question; limiting the extendibility of the results. Despite this unexpected 
response, a further insight was gained into AT market research activities. 
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4.2.3 Results of the Postal Survey 
Fourteen companies out of a sampled forty-four responded to the postal questionnaire. The 
size of the responding companies varied between ten and 278 employees, with the spread of 
company size being illustrated in Figure 4.4. All of the companies sampled reported that the 
assistive technology market is growing, with one company estimating it to be growing by 6% 
to 10% a year. 
Spread of Company Size According to Survey Response 
ý1 to 50 
0 51 to 100 
0101 to 150 
0151 to 200 
13 201 to 300 
Figure 4.4 Spread of Company Size According to Postal Survey Response 
With respect to the market research activities of the sampled companies, the survey identified 
that only a quarter of the companies employed a rigorous and structured approach to 
identifying the needs of the customer. By comparison, 42% of the companies that responded 
used very informal means of customer input. For example, one company explained on their 
questionnaire that they "met occupational therapists at exhibitions and visits, where the 
occupational therapists suggest changes or point out problems and we adapt to meet their 
recommendations. " The remaining companies who shared information about their market 
research activities had a semi-structured approach to gathering customer input, mainly 
relying on feedback from their sales teams and on input from stakeholders other than the end- 
user. 
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Of the fourteen responses to the survey only half responded when questioned about their 
design approach. The other half answered this question in terms of customer input, 
indicating that the question itself may have been ambiguous. However, the seven companies 
that did respond as expected to this question revealed design activities that varied in terms of 
formality of approach. With some companies, their response to the question of what design 
approach or method they used was clear. For example, one company responded, "we use 
Concurrent Engineering with fully empowered multi-disciplined development teams'. 
Another replied saying "No formal approach". However, some responses were more difficult 
to interpret. For example, one company said when asked what method they used, "Our own! 
Which is based, loosely on BS/ISO 9000 and BS 7000. " This response was interpreted to 
mean that they did have some form of design approach but that it was adapted to meet their 
needs. However, this response could have been understood to mean that the company did not 
have a structured design approach and they designed their products as suited their needs. It is 
the company's reference to industrially recognised standards that suggests they are at least 
aware of some product development issues even if they approach them in a slightly more 
informal manner. 
Of the responding companies, the three smallest companies indicated that they had a very 
informal approach to the design problem. The three companies employing around 100 
people appeared to be more structured in their design approach. Only one company, with a 
work force of 278 people, used a recognised method, concurrent engineering. While further 
research is required to raise confidence in the findings of this study, the findings do indicate 
the possibility that as the size of company increases in the AT sector the formality of their 
design approach increases. If this is the case it has implications for a sector dominated by 
SMEs. 
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4.3 Focus Groups 
4.3.1 Methodology 
The focus group method was used to identify how assistive technologies are failing to satisfy 
the customer and to gain an understanding of the assistive technology customer. The 
subjects for the focus groups were Social Services' occupational therapists. 
Occupational therapists (OTs) were chosen as the subjects for the focus group discussions for 
a number of reasons. There are two main delivery systems of assistive technologies to the 
end-user. The first is the direct purchase of the product from the manufacturer or retail outlet 
by the end-user or their family. The second main route is the provision of the product to the 
end-user by Social Services, paid for by a Disabled Facilities Grant. As subsequent research 
has shown, Social Services can form 80% of a company's customer. 
Occupational therapists are medically trained. Within Social Services, occupational 
therapists assess the needs of each client and prescribe appropriate assistive devices in order 
to maintain the independence of the client. Where a client is suffering a degenerative illness, 
occupational therapists are able to prescribe products that will be suitable for a client's 
current and projected needs. 
As a large customer and supplier of AT products Social Services' occupational therapists are 
able to report on a variety of customer needs; both their own, their organisation's and their 
clients needs. Social Services has requirements of a product that for example, are affected by 
its budget and storage restrictions. Occupational therapists have themselves requirements of 
a product that derive from them hand-delivering the product and training the end-user in the 
use of the product. From their medical background occupational therapists are able to 
communicate the current and long-term requirements that end-users have of a product. 
Additionally, from their daily contact with end-users the occupational therapists are also able 
to report back the user's experience and satisfaction with a product. A further reason for 
using occupational therapists as the subjects for the focus groups is that, where Social 
Services is the delivery route, the occupational therapists make the decision on which product 
the end-user receives. 
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Three focus groups were conducted in total. The rationale for stopping after the third study 
was that the last group provided no new insights to the issue of customer-satisfaction, and 
that a degree of saturation had been reached. Saturation after only three groups was 
unexpected as work by Griffin (1993) suggests that saturation is usually reached after six 
focus groups, however, the appropriateness of using three groups for a focus group study is 
endorsed by among others Zeller (1993) and Calder (1997). 
While the 1 ocations oft he S ocial S ervices s tudied c annot bed isclosed, for c onfidentiality 
reasons, the locations were not a primary consideration in the selection of an appropriate 
subject to study. Since random sampling is unlikely to yield typical subjects where the 
sample size is small, purposeful sampling has been used (Weisberg, Krosnick et al. 1996). 
The rationale for choosing the three Social Services in question was their similarity in 
population-age distribution and their representation of services with high, low and average 
Disabled Facilities Grants allocation per capita, relative to the country's average. 
The first focus group consisted of eleven group members; the second and third groups 
consisted of four members each. Each focus group's members worked for the same Social 
Services area and for each group the focused discussion was conducted at the end of their 
weekly meeting. These sampling and procedural decisions were made due to practical 
considerations. Due to their heavy workloads and the in-home visits undertaken by the 
occupational therapists, their weekly meeting offered the opportunity to meet with a group of 
occupational therapists at their own convenience. Sitting in on their weekly meeting enabled 
the observation of the group's interaction prior to the discussion. Due to externally imposed 
time constraints, each focus group discussion lasted no more than ninety minutes. 
Whilst the common understanding of good practice in focus groups is that participants must 
be strangers, Morgan and Krueger (1993) expound this as a myth. Morgan (1997) points out 
that social scientists routinely conduct focus groups in organisations in which acquaintances 
are unavoidable. Further more, familiarity can ease the issue of self-disclosure (Jarrett 1993), 
which is beneficial since it was anticipated that the discussion would cover instances where 
Social Services contributed to the failing of the end-user. 
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Following Krueger's (1998) recommendations for structuring a focus group, twelve open- 
ended q uestions w ere p Tanned and u sed in each oft he 1 ocations. T he first few q uestions 
allowed the groups to discuss the wider issues surrounding the provision of assistive 
technology products to elderly and disabled clients. Subsequent questions focused the 
discussion on instances and causes of satisfying and dissatisfying products. A copy of the 
focus group questions can be found in Appendix 2. 
Whilst the moderator oversaw each focus group, audio recordings were made of the 
discussion and an assistant moderator took keynotes. Following each session, a full 
transcript was made of the tape and the results were analysed before the next focus group was 
conducted. While there are arguments for (Maxwell 1996) and against (Seidman 1991) 
analysing results whilst still conducting field research, in this instance the benefit of knowing 
the point of saturation was felt to outweigh the risk of biasing the reading of the results of 
later focus groups. An example of the transcript taken from the third focus group is outlined 
in italics below. 
Moderator: Can you tell me about any instances where there seems to be no suitable 
products available to solve a client's problem? 
Subject 1: It is very limited for the larger client. It is not that the products don 't exist 
but sometimes there is a very limited amount of products and that makes it very 
difficult to find out about them. For example, hoists they all have their own 
specifications, but for larger clients they are very often outside that specification. 
How do you get something for the clients home it is difficult. Safety as well as 
expense becomes an issue. The other thing is that in a hospital size doesn 't really 
matter but in a client's home the equipment needs to be a lot more compact. 
Speaker 3: The home issue is one of the biggies. A lot of the stuff is basically made to 
go on a hospital bed and it is quite clinical. I think that a lot of stuff is unacceptable 
in a client's home. Speaker 1: A hospital bed even is not acceptable to clients but 
once you get outside something that doesn 't look like a hospital bed then you up the 
prices. As soon as it becomes `looking like a specialised domestic bed' then they hike 
the prices, which I think they do on anything you can call a disability aid. 
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Speaker 2: Heavy Clients! We are talking 35 stone plus on heavy. If you have got 
equipment that maybe fits the client you can 't physically move it. Even supposedly 
mobile chairs. It is no longer mobile with 35 stone sat in it. It then becomes a health 
and safety issue. The results of each focus group were analysed using thematic 
analysis. The method used to analyse the results is discussed in 4.3.3. 
4.3.2 Characteristics of the Focus Group Study 
The focus group method is subject to self-report bias. In this instance Social Services could 
have played down the failing of assistive technology products if they thought that their 
provision ofp oor products would reflect b adly on t hem; Itisp ossible t hat the d egree to 
which products are failing to satisfy the customer is actually greater than was reported. 
The familiarity of participants at each focus group discussion means that group wide 
assumptions may have gone un-probed; this would have an effect on the understanding of 
causes of occupational therapist behaviours. However, identifying such causes was not the 
intention of the study. Familiarity between the group participants removed the element of 
competitiveness that may have been present if therapists had attended from a number of 
different Social Services areas. 
Due to the choice of method and participants, the study is forced to rely on anecdotal 
evidence of user's satisfaction with AT products rather than learning of their experience first- 
hand. The choice of participants further restricts the study to only learning the experience of 
users of assistive technology who are also clients of Social Services. The experience of users 
who obtain their products without the constraints of Social Services may be completely 
different. Triangulation between the literature survey discussed in Chapter 2 and the results 
of the focus group study is necessary to identify if the findings of the literature are current 
and relevant to UK AT products and to verify if AT user experience is the same for Social 
Services' clients and direct product purchasers. 
With regards to analysing the data, full transcripts of each discussion were made to address 
possible problems of inaccuracies or incompleteness of data affecting the analysis of the 
results. 
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4.3.3 Results of the Focus Groups 
The discussions within the three focus groups give an insight into the reported problems 
faced by occupational therapists (OTs) working under Social Services. The focus groups also 
reveal products and characteristics that satisfy or dissatisfy the therapists and their clients. 
Concurrence was found in the issues raised by each of the groups. Table 6 over leaf shows 
the key themes highlighted by each of the groups. 
In identifying the key themes from the focus groups a modified form of thematic analysis 
was undertaken. The transcripts were read and marked each time the theme changed. 
Having identified every theme discussed, each theme was then examined in an attempt to 
identify the focus of the conversation, this was done to highlight where topics re-occurred. 
One off sentences that introduced a new topic to the discussion but which were not discussed 
or supported by other members of the group were eliminated as they were felt to not be one 
of the key themes of the focus group. 
Aside from topics confined to one or two sentences, length of discussion was not the sole 
determinate of a key theme; level of interaction and intensity of participation were also 
considered. The level of interaction was measured in terms of how many members of the 
group contributed to the discussion of that topic. Intensity of participation was measured 
using a basic metric based on wording and tone. Sarcastic, heated and enthusiastic tones 
were u sed as an i ndication t hat at opic w as as ignificant i ssue to the s peaker. C hoice of 
wording also added to the intensity of participation score, where emotive words or phrases 
such as "and then you hike the prices" were used as an indication of intense participation. 
The scoring used for each identified theme is as follows. A score of 0.5 for each minute of 
the topic's discussion. For each person that participated in a theme's discussion a score of 
1/(total number of people in the group) was awarded. For each new speaker in a theme that 
used either an emotional tone or emotive terminology, a score of one point was given. These 
scores were then added together for each theme and analysed in relation to the scores of other 
themes in that particular focus group discussion. Key themes were those that were identified 
with significantly higher scores than the majority of themes in the focus group discussion. 
For example, in the third focus group discussion a minor theme was product noise. The 
theme lasted for less than a minute (a score of 0.5), with one person speaking (1/4) but using 
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both emotive tones and language (1), e. g. "horrendous" and "its `ok' as long and you don't 
mind something sounding like a very loud Hoover all the time". The score for this theme 
was 1.75. 
One of the main issues highlighted in focus group three was that of narrow standard product 
ranges. The discussion lasted six minutes (3 points), between two group members (2/4 
points) and emotive language was used by one participant (1 point) e. g. "even supposedly 
mobile chairs - it is no longer mobile with 35 stone sat in it". The total score for this theme 
was 4.5. 
In addition to discussing how products are failing to satisfy the user, the focus group revealed 
other pertinent data. The first concerns the multiple stakeholder aspect of the assistive 
technology customer, where purchasing decisions, product utilisation and product choice are 
made by different groups of people. The role of the occupational therapist is to assess their 
client and to prescribe and deliver the most appropriate product to enable the client to 
continue living in their own home. The role of Social Services' Aids and Adaptation 
Departmental Manager is to ensure that the area's Disabled Facilities Grant money is used to 
assist as many clients as possible and to dictate which products are bought in bulk and which 
therefore form the core products prescribed by the therapists. While products are provided to 
the client it is sometimes the client's family or carer that actually operates the product, as is 
the case with hoists. 
The second piece of pertinent data revealed through the group discussions is the therapists' 
perceptions of manufacturer activity; that companies are not listening to the customer. All 
three groups identified t hat companies should at 1 east be talking to qualified occupational 
therapists and, if possible, the client. One therapist explained, "with a new product you want 
to give a company input before the company rep comes to the show to sell you the new 
product. You want to be asked questions before the product is actually in production. It is 
quite tedious actually, getting reps bringing stuff out that basically all you are going to do is 
say, well actually, that's great but it is absolutely no good to us whatsoever". Another 
therapists simply explained, "we need to get to see the designers". 
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Table 6 The Main Issues Highlighted by each Focus Group 
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With respect to identifying how assistive technology products are failing to satisfy the 
customer, each focus group was asked to discuss products that were either dissatisfying or 
merely sufficient. Each group independently reported not only their opinions of the products 
but they also gave anecdotal evidence of products failing their clients. A variety of products 
were discussed by the occupational therapists, with many of the types of products and even 
brands of products being focused on by all three groups. Products that were reported as 
either not satisfying the client or the prescribing therapist had their failings discussed by the 
group. 
The modes of failures identified by the therapists can be divided into five categories. Failure 
to satisfy the customer was attributed to issues of functionality, usability, quality, safety and 
aesthetics. Table 7 identifies how products are failing within each of these categories. 
Following Table 7, quotes from the discussions have been provided to support the findings 
presented in the table and to give a better understanding of the modes of failure. 
Table 7 Specific Areas Where Products are failing the Customer 
Functionality Safety Usability Aesthetics Quality 
Functions too Unstable Uncomfortable Clinical Poorly made 
slowly to be appearance 
D practical 
0 Mobile Trip hazard Unrealistic Stigmatising Inappropriate 
equipment that maintenance materials y is difficult to requirements 
0 move 
1 00 Equipment that Trapping Counter- Not in keeping 
C = cannot be used hazard intuitive with client's 
U. as intended operation home 
as Equipment that Contravenes Too heavy 
does not do the current 
job it was legislation 
° designed for 
c Equipment that 
s is too noisy to 
be practical 
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Functionality 
Examples of products that do not fulfil the need that they were designed for and of which the 
therapists had experience include X, a mechanical feeder. X is designed to assist a user with 
tremors to feed themselves independently. However, the following excerpt from one of the 
discussions clearly identifies the failings of the product, including its slow functioning that 
results in food going cold before it can be consumed. 
"I think, often simplicity is the best policy. " 
"If it is too complex people forget how to use it and then don't use it and then it ends 
up in a cupboard under the stairs. " 
"X. Good example of a complicated, expensive bit of kit. " 
"I don't know how the company is still in business because I have never found 
anybody yet who gets on with it. " 
"It is so clumsy, too robotic, too technical. " 
"The one I took out with the rep, the man (client) was so phased by it all because it is 
so complicated and technical. He gave up before he even tried. " 
"Even the younger age group - (young wife with two children) she felt very 
embarrassed by having a 11 of this kit on the table when the rest of the family was 
eating, it made her feel that she was different, stood out, not part of the family. " 
"There's room for improvement. " 
"Its very slow, the food goes cold. " 
"It is supposed to eliminate tremors. 
"£700. 
77 
"The principle is good, a way for somebody to be able to feed themselves and not be 
fed. " 
"Cumbersome. " 
"The design needs working on - smaller, simpler and more effective. " 
Other functional failures of products raised in the focus groups include mobile equipment 
that is difficult to move in the home environment, noisy equipment for adjusting bed 
mattresses and other equipment that fails in its intended function. Examples from the focus 
groups are quoted over the page. 
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" X's Tap Turners are a waste of time. They don't fit. They don't do the job and they 
are expensive. " 
"There are just some things that you don't issue (to clients). I never issue tap rails 
because you can't use them how they are meant to be used. To me why they keep 
producing them beats me because you have to be able to turn around onto your knees 
to be able to push up on them. People think that you can pull up on them but you 
can't because you'll bop you self on the chin or slip. If you have got the ability to 
turn around on your knees to get out of the bath then you can probably get out 
without having something across the top of the bath anyway. " 
"There are some really stupid kitchen gadgets, mechanical ones that don't fit and 
don't work. " 
"Most dissatisfied with the Bottom-Wiper, not had any success with anyone who has 
used it. " 
"Another thing is the noise. I know that they have improved but some of it (the 
equipment) is horrendous. It is okay as long as you don't mind something sounding 
like a very loud Hoover all of the time. Which again makes it unsuitable for some 
people, especially when you are talking in terms of mattress variators. But they are 
standard issue equipment. The standard stuff doesn't necessarily meet the need but 
we can't afford, for example, a profiling bed. " 
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Quality 
Poor levels of satisfaction with products was also attributed to product quality. Quality 
issues were raised both in terms of materials and production. Therapists discussed the 
difficulty they faced in getting value for money with the products that they prescribed. 
"Its difficult to get things at a good price without them falling to pieces. 99 
Instances were identified by the therapists, in all three groups, where the materials used in the 
products crack, rust, go brittle, snap when in use, splinter, yellow and fade. Examples of 
these failings include the X bath aid, toilet aids, shower chairs and bath boards. 
"The flaps crack on the X. " 
"And the seats crack, I don't think that they are very well manufactured. 
99 
"Simple equipment could be better designed in terms of the materials used. There are 
a lot of resins and polyesters that have come up, but they are still using plastics which 
yellows and fades. All of the bath seats and toilet seats start to go brittle. " 
"Rubber fittings on the toilet seats are always falling off. " 
"Suction cups on bath fittings aren't that good a quality. " 
"We bought a whole load of bath boards that they splintered on people's bottoms. 
Okay, so we got them cheap but they hadn't been varnished properly, so all of the 
wood split. " 
"Something very very simple that we have had loads of problems with in the last six 
months are the very simple plastic tap turners. They go on taps and they just snap. 
They are a cheapish end of the range but you are still having to pay £2. We use them 
a lot. If nothing else it means another visit to replace them. It is an annoyance 
factor. " 
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"(With) a lot of the equipment we use you get the odd manufacturing problem. We 
had a problem with X's bath boards. The production wasn't up to scratch. The 
companies are prepared to reimburse and change things but that doesn't really help 
when somebody has ended in the bottom of the bath when they are meant to be sitting 
at the top. They were really weak. Even when the clients weren't anywhere near the 
weight limit they would snap. I think it was a problem with the wood. The grade of 
wood wasn't up to scratch. But because it all looks the same nobody spotted it. " 
"We've had problems with shower chairs going rusty and holding water. Had a 
problem with them ever since we have been providing them. " 
"We've changed manufacturers quite a few times. Started off with X but they 
weren't very good. Had the same problems with Y shower chairs and Z shower 
chairs and they were all quite expensive shower chairs so it wasn't because they were 
cheap and cheerful. " 
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Safety 
Safety issues with some products were identified in the focus groups. Sources of safety 
concerns tended to be due to features inherent in the design of the product or due to the 
abilities of the client when employing the product. 
"Ejector Seats - room for improvement - James Bond Style. 
"I have only successfully issued one. " 
"You have to get the weight right. " 
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"Problem is that they bring you up too quickly. Unless you instruct the client very 
carefully or they gain or loose weight it becomes a health and safety issues. " 
"If you shift your position they throw you up in the air. " 
"So generally we don't like ejector cushions. " 
"Don't like X- finger trapping. Like an ejector cushion but for the bath. Again you 
have to guess the weight of the client. It needs quite a lot of dexterity to operate the 
lever. " 
"It catches on the bottom of the bath and round by the sides fingers get trapped. " 
"One of my clients trapped her fingers in it and didn't tell me for two months because 
she thought it would upset me. Two months later she rings me and asks me to take it 
away, she was more worried about upsetting me than she was about having hurt 
herself. She had to go to the doctor about it. She had got her flannel stuck and it was 
one of those silly mechanisms you lift it up to go down and down to go up. She must 
have knocked it and unlocked it and then adjusted herself and got her fingers stuck in 
it. " 
"The control bit is in the wrong place. " 
"The principle works but when things are designed they should be tried out on those 
with disabilities not on the able-bodied. " 
"Bed levers can be a little bit dangerous. The ones we use are quite wide, they can 
hinder people getting into bed. " 
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"Perching stools - the way in which it is designed the four legs come outwards. A lot 
of people don't have a lot of room in the kitchen and it gets in the way. They trip 
over them. Also they can't be moved around easily. Perching stools are horrendous. 
If you have a walking frame and you need to move the perching stool to one end of 
the kitchen then you haven't got a chance. " 
Additional safety issues with some assistive equipment, which also relates to functionality, is 
the failure in the product's design to meet current legislation, in particular manual handling 
regulations. This means that some equipment cannot be issued to clients because its use 
would put the client's carer at risk. 
"The manufacturers don't appear to keep up to date with what is the current 
legislation, particularly in terms of manual handling sometimes. I think some of the 
stuff that comes on the market contravenes what we would do. For example, an 
imported wheel chair that was all singing and all dancing, standing you up etc but 
basically everything on the chair we disagreed with but not only that, it put the carers 
in a position that was not acceptable for current manual handling requirements. Even 
the video and background stuff that the guy had got was out of date. I don't think that 
a lot of them keep as well up to date as they can. An awful lot of these small 
companies are willing to sell anybody stuff as long as there is a profit on it, and there 
is some quite iffy stuff on the market. " 
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Usability 
The usability of assistive equipment is another area where products were reported to be 
failing the customer. Problems tended to relate to a product's comfort, management and 
interface. 
"Ejector Seats are ridiculous, you place them in the chair and they come up above the 
arms of the chair so the person is perched there. " 
"Uncomfortable, it will do the job you issue it for, it will get people back into an 
upright position but you get it back in two weeks saying, `I'm not sitting on that'. " 
"They're horrible. " 
"They don't fit people's chairs. People put cushions in their chairs and they slip into 
the mechanism and then it doesn't work. " 
"Sometimes you have a very huge piece of equipment to do a very small task when it 
doesn't always need to be so big. " 
"Manufacturers say that you shouldn't use oil in the bath with the equipment. But the 
reason why we are giving them (the client) the ability to bathe is because they have to 
bathe in oils for skin conditions. We can't say that you have to sit in the bath with 
clear water and no bubbles because that is the whole point of issuing the equipment. " 
"We have a problem with bath hoists because they get clagged up with bath oils or 
skin preparations. Manufacturers needs to understand that in an ideal world it would 
be like a cooker, that you have to clean it, but most people don't or they can't. We 
can't do it for them all of the time. " 
"I saw a shower chair the other day that a woman had had for five years that was in 
pristine condition because she dried it off every time she used it. But I think that 
manufacturers have to understand that the majority of our service users can't 
physically look after it, or don't think it is their responsibility because it is provided 
by Social Services. " 
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"The weight of a product is important because equipment usually has to be 
transported by somebody at some point. It definitely has to be transported by us. It is 
awful when people don't have lifts. And trying to carry upstairs hoists or other heavy 
bulky items is made worse by stair-lifts that get in the way. " 
"The weight of the hoist makes it difficult to transfer from our stores to people's 
homes. It is a pity that they couldn't be broken down into smaller pieces to make 
them more transferable. " 
"Don't like X... the client needs quite a lot of dexterity to operate the lever. " The 
mechanism is counter intuitive "you lift it up to go down and down to go up. " 
"The control bit is in the wrong place. " 
The mechanical feeder was reported to be cumbersome and an example was given of a client 
finding the product "complicated and technical". 
"I have a lot of problems with hoists. Hoists are really the only option when people 
get to a stage of being non-weight bearing. I don't know what design could be better 
but t hey are v ery 1 arge and v ery confronting for p eople. T hey a re v ery heavy for 
people to move. I find that carers are coming to me and saying that it is easier for 
them to move their clients by hand, which I know it isn't because it is damaging their 
backs - they can't tell that. They say that it is easier and quicker to lift them than 
using a hoist. Once you get used to using a hoist it is ok but I still myself find it 
difficult.. 
.. 
hoists are very difficult to move on carpet... difficult to move through 
small spaces. " 
"Tap turners, X ones are bad. Some certain taps you can't get them on to and clients 
get confused with rotation. " 
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Aesthetics 
The therapists also reported dissatisfaction with assistive technology products with respect to 
aesthetics. Issues with the look of products tended to relate to their clinical appearance, and 
the cost of buying products that blend in with a home environment. 
"A lot of the stuff (AT equipment) is basically made to go on a hospital bed and it is 
quite clinical. I think that a lot of stuff is unacceptable in a client's home. A hospital 
bed, even, is not acceptable to clients but once you get outside something that doesn't 
look like a hospital bed then you (the manufacturers) up the price. As soon as it 
becomes `looking like a specialised domestic bed' then they hike the prices, which I 
think they do on anything you can call a disability aid. " 
When questioned about important aspects of a product to the end-user, other than function, 
the different groups replied the following: 
"The aesthetics! " 
"What it looks like. " 
(Mimicking the customer) `I am not using that because I don't like the look of it' and 
`I am not having that in my house. ' 
"I think that a lot of the time people want their things to be unobtrusive as possible, 
not the thing that stands out in the room. " 
"Look is the next thing that people go on about, and the colour. " 
"It is amazing the amount of people that have turned down equipment, and major 
equipment like stair-lifts and things, because it doesn't match the colour of their 
carpet. " 
"Shower things have a real tendency to look really gruesome. " 
"If things look clinical it really has an effect on people. " 
"I was putting in a hoist system for a man and by the time I had finished it looked like 
a hospital and it was extremely upsetting and traumatic for him. If people can accept 
equipment more readily then they will use it more. " 
"It seems a pity that in order for something to be functional and to look good that we 
have to pay nearly 50% more than it is worth. The cost of equipment for people with 
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disabilities is extortionate. It seems a pity that you end up compromising on the look 
of the product. " 
"Looks are important, not to us, but it means that the client will use it and be less 
stressed about having it in the home because it is less embarrassing for them. " 
The focus groups highlighted an aspect of assistive technology products which relates to their 
ability to make people feel conspicuous. The occupational therapists made it clear that this 
trait is an undesirable feature for an assistive technology product. 
"Normalisation is more important than it used to be. Things have to look more like 
they fit into a normal home, not to stand out as labelling a person as disabled. That is 
a cultural thing that we have to take on board. A lot of the equipment we have got 
really does that" (labels a person as disabled). 
"I think that a lot of the time people want their things to be as unobtrusive as possible, 
not the thing that stands out in the room. " 
"Adults want something... that is a little more subtle, (something that) is going to 
blend in and isn't going to stick out and flash a light and say `hello, I'm a piece of 
disabled equipment'. " 
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4.3.4 Discussion of the Results of the Focus Group Study 
The results of the focus group study reveal insights into both the state of assistive technology 
products and the level of customer understanding in many AT companies. With reference to 
the state of AT products, the discussions revealed that products are available which are 
failing to meet even basic customer needs; examples were given of products that had injured 
users and w hich w ere u nsafe and ofo thers w hich f ailed to in eet c urrent in anual h andling 
regulations. Deficiencies were also highlighted in performance related qualities. Poor 
functionality was cited as a failing of some of the products, with speed and noise of operation 
being a major component in some products' unsuitability. The identification of products that 
cannot be used as intended or which do not do the job that they were designed for suggests a 
lack of customer understanding on the designer's behalf. Further deficiencies in performance 
qualities also appear to be due to badly informed decisions regarding material choice for the 
design. These factors, combined with the poor performance of some products in terms of 
aesthetics and usability are likely to lead to low levels of customer satisfaction; this is 
illustrated using Kano's Model of product quality in Figure 4.5. 
Customer Satisfaction 
ý 
ý. 
Excitement Quality 
ý 
Aesthetics 
Material 
Build Quality 
Usability 
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aýýýý 
aýGe ßJaý`r1 G 
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Figure 4.5 Kano's Model Applied to AT Products 
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Kano's Model suggests that inadequately implemented or absent basic and performance 
qualities will lead to low levels of satisfaction, yet the focus group study suggests that these 
sorts of products are still widely available. Whilst in other sectors it might be expected that 
such products would cease to survive, it appears that this is not necessarily true for the AT 
sector. It may be that the need for assistance is sufficiently great to sustain the survival of a 
sub-optimal product where no superior product exists. 
Also revealed by the focus group discussions are the apparently poorly informed practices of 
some AT companies. According to the occupational therapists, companies are failing to 
capitalise on OTs as a source of information regarding the needs of Social Services, the end- 
user and pertinent regulations. It is likely that the occupational therapists' view, that it is the 
company's responsibility to approach them to set up this dialogue, is biased. However, the 
observation that OT contact time with companies is limited to situations where companies 
are trying to sell products rather than to gain input suggests that greater use could be made of 
OT knowledge, especially as a consolidator of end-user information. 
The faults identified by the occupational therapists with some of the products that they had 
supplied to clients indicate, for some AT companies, both a lack of understanding of the 
design problem and perhaps a lack of engineering design skill. This is demonstrated in those 
products that either cannot be used as intended or that are unable, due to their design, to fulfil 
their anticipated purpose. Poor compliance with current regulations also indicates a lack of 
awareness of pertinent standards and regulations, which again may suggest that products are 
being designed without a comprehensive understanding of the design problem. 
Limited company-design experience or maybe poor design practice is indicated by the 
apparent lack of ability to foresee safety concerns with a design. It appears that practices 
such as failure mode and effect analysis (FMEA) are not commonplace. Effective product 
testing also appears to be a problem. This is suggested, not only by the accidents and quality 
issues associated with some products but also by perceptions, whether true or not, that 
companies are testing products with abled-bodied subjects rather than with representatives of 
the target user group. This perception appears to be supported in part by the existence of AT 
products that are designed for but are unsuitable for use by frail or cognitively impaired 
users. 
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The perceived `rough and ready' nature of some AT products, where the product is a basic 
but functioning solution to a real problem, is perhaps a result of the way in which some 
companies entered the AT market; through developing an aid for an elderly parent and then 
recognising a market for the home-made solution. Where the background of these 
entrepreneurs is not in design or manufacturing, this may partly explain the apparent lack of 
expertise concerning design features and material choices. The background of some AT 
companies may also contribute to their current state of limited customer understanding; with 
companies failing to replicate, with their current customers, the closeness t hey had to the 
difficulties and capabilities of their elderly parents. 
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4.4 Case Studies 
4.4.1 Methodology 
A series of case studies were used to provide a picture of the design activities of AT 
companies and an insight into to the attitudes behind these activities. Six assistive 
technology companies were selected to form the sample. The definition of assistive 
technology company used in this study is the same as that used for the postal survey, with the 
addition of the term manufacturer, which is used here to include the assembly of products. 
An assistive technology company is a UK company who designs and manufactures 
commercial products intended to assist independent daily living for elderly and 
disabled people and whose products are not solely medical or computer-based 
assistive technologies. 
The sampled assistive technology companies were selected based upon their likeness to the 
wider AT company population. With six case studies planned, four of the sampled 
companies were to be small and medium enterprises (SMEs) to reflect the high proportion of 
SMEs in the sector. Product offering was the second determinant in selecting an appropriate 
sample. Criteria for suitable companies were those whose product portfolio included the 
same genre of product as the other companies but whose portfolio also included, where large 
enough, assistive products for other areas of living. The rationale for this was to ensure that 
any later identified differences in development activity were not product specific, whilst 
ensuring that the study was not merely representative of a specific product type 
manufacturer. The shared product genre of the sampled companies was assistive bathing 
products. An additional feature of the sampled companies was their representation of the 
different routes that AT products can take to the end-user. 
Potential companies for the study were identified through the FAME/Naidex Exhibitor list 
used in the postal survey. These companies were contacted in order to request their 
participation, with successive companies being approached until the quota for SMEs and 
non-SMEs was filled. The specific request made of the companies, when approaching them 
to take part in the study, is detailed in the following excerpt. 
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"Government funded research is currently being conducted at Loughborough University, 
examining best practice in the field of assistive technology design. As an example of good 
quality design, would your company be interested in participating in the study? Participation 
would involve an approximately one and a half hour interview where you will be questioned 
about how you gather and incorporate customer requirements into the design process and 
what, if any, design methods you use. Please be assured that all information gathered in this 
manner will be treated with the strictest confidence and that your company will not be 
identified in any subsequent reports. " 
Respondents chosen for interview in the sampled companies were those individuals whose 
position allowed them an understanding of the company's strategic plans and design and 
marketing activities. In the identified SMEs respondents were company directors, a quarter 
of whom also fulfilled the role of product designer. In the two non-SME companies, 
interviewees were product directors. 
The case study interviews consisted of a series of open-ended, semi-structured questions. A 
copy of these questions can be found in Appendix 3. The questions were structured so that 
the respondent was first asked general questions about the company, in order to put them at 
ease, before turning to more specific areas of interest, which included the design and 
marketing activities undertaken by the company. While the same core questions were asked 
of each company, additional questions were used for the purpose of clarification where 
necessary. Clarification was required with respect to certain terms, particularly when talking 
to the smaller companies. This was particularly necessary for the questions relating to their 
attitude to certain methodology attributes. Specifically, the reinterpreted terms were 
`downstream' and `competitive benchmarking'. The meaning of downstream was explained 
to the companies and examples of competitive benchmarking activities were described. 
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Clarification was again required by all but the larger companies as to the question about what 
design methods and tools they used. In an attempt to clarify the question, examples of 
multidisciplinary team approaches, product design specifications and tools such as QFD and 
FMEA were briefly described to the companies. However, this approach did not work for 
the smaller companies as they were not able to identify themselves with the described 
activities. Therefore, for the smaller companies, where this approach did not reveal useful 
information, the companies were subsequently asked to describe how they approached 
identifying a design problem and developing a solution. 
Each interview was conducted on the site of the company in question; this allowed the 
respondent to be questioned in a familiar setting. Following each interview a tour was taken 
of the company's facilities. This enabled informal interaction between the interviewer and 
respondent, where additional questions could be asked. The tour also permitted observations 
to be made about the manufacturing capabilities of the organisation. Any key points 
observed during the tour were noted once the tour had ended. 
The interviews at each company varied in length and lasted between seventy-five and 120 
minutes. Each interview was recorded on audiotape and key points throughout the exchange 
were noted by hand, in case of an audio malfunction. Every interview was transcribed in full 
and its content analysed thematically before the advent of the next interview. 
As part of the interview, companies were asked to give their response to attributes offered by 
current customer focused design methodologies, for example, the ability to reduce time to 
market, or the use of competitive benchmarking. Companies were asked for a qualitative 
response to this question rather than a quantitative one to give an insight into the rationale for 
their response. In addition to a qualitative discussion of these responses, the responses of 
each company have also been categorised using aL ikert five-point scale and plotted on a 
series of bar charts. This has been done to aid the reader's comprehension of the results. 
Strongly positive responses, such as "Very important" and "Definitely! ", were marked as 
plus two. Positive responses, such as "it would be useful", were marked as plus one. Neutral 
responses, such as "not bothered about" were scored as zero and negative and strongly 
negative responses were scored as minus one and minus two respectively. Terminology that 
resulted in a minus one or a minus two included phrases, such as "this would not be of help; I 
am very informal" and "We are not into that! " 
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4.4.2 Characteristics of the Case Studies 
Case studies are typically limited in terms of extendibility of results because of the narrow 
sample population. Measures have been taken to increase extendibility by selecting a variety 
case study sites that are representative of the known population, in terms of size and product 
offering. In addition to the measures stipulated in the methodology, the sampled companies 
are also geographically dispersed cross England and Wales, reducing the possibility that the 
findings of the case study are location specific. 
The value oft riangulating the results oft he case study with t hose oft he postal survey is 
diminished by the fact that although the sampled populations were different, both were drawn 
from the same FAME/Naidex Exhibitor list of companies. Any bias introduced by the 
population list would be present in both studies. 
As discussed in the methodology (4.1.1), successive companies fulfilling an a priori criteria 
were approached to take part in the study, until the quota for different types of companies 
was fulfilled. However, as a consequence of this sampling method, it is possible that 
limitations were introduced to the study via those companies that declined to take part. The 
reasons given for non-participation in the case study were similar to those given in the postal 
survey. Declining companies cited time constraints as a reason for non-participation. 
Conversely, companies that chose to participate in the study were willing to give up an hour 
and a half of their time. One possible explanation for why busy companies were willing to 
donate their time is that these companies understood the possible returns from being involved 
in the research, including forging links with the university. This perspective was articulated 
by two of the companies that took part in the research. It may be that those companies who 
chose to participate in the study are all less narrow in their focus than those who declined to 
take part. 
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Fear of revealing core business strengths is also a possible reason for non-participation. One 
company who did take part in the study was particularly reticent about how many new 
products they were developing and stressed the need to keep, what they felt to be, sensitive 
information confidential. Another company initially refused to participate in the study. 
When they did decide to take part they spoke at length about how severely they had been 
affected by product mimicking in the past. If fear of copying is a factor in non-participation 
then possible limitations are reduced by the inclusion in the study of companies which share 
this fear. 
A further reason for companies declining to take part in the study is possibly due how the 
study was presented to them. Companies were told that the study was examining best 
practice in AT design. It maybe, despite reassurances, that companies felt that their practices 
were not professional and that they did not wish to reveal this. 
With respect to the effect of these factors limiting the study, it is likely that the fear of 
copying is common to both participating and non-participating companies. However, it is 
possible that those companies who chose to take part in the study are better at looking 
beyond short term benefits and therefore the results of the study might be limited to more 
forward thinking companies. This perhaps suggests that the situation with non-participating 
companies might be worse than is revealed by the study. This effect would be further 
emphasised, if indeed the companies with poor design practices refused to take part in the 
study. 
A further limitation of the case study is introduced through the analysis of respondent 
responses to attributes of existing design methods. The translation of the qualitative 
responses into one of five discrete values by the researcher relies upon the researcher's 
interpretation of the respondent's meaning and through this reduction the nuances of the 
response are lost. To combat these issues, the qualitative data is discussed along side the 
more easily visualised but truncated data to give a fuller picture of the attitudes towards 
current design methodology attributes. 
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4.4.3 Results of the Case Studies 
The case study interviews were used to identify the activities, capabilities and attitudes of the 
sampled companies. The results of the case study have been divided up into the categories of 
market, customer, and product development activities to reflect those used in the literature 
survey (Section 4.1.3). An additional category entitled attitudes, discusses the attitudes of 
the sampled companies to features of existing design methods. 
Due to confidentiality reasons, the names of the companies sampled in the case study have 
been withheld. In their place a letter of the alphabet refers to each company. Before 
labelling, companies were ordered according to the size of their workforce. Therefore the 
smallest company sampled is Company A and the largest is Company F. Table 8 gives an 
overview of the characteristics of the six companies studied. 
Table 8 Characteristics of the Sampled Companies 
Company Size 
Number of 
Product 
Ranges 
Market 
Research 
Department 
Design 
Teams 
Type of 
Customer 
Input 
Structure of 
Design 
Approach 
A 4 1 No No Informal Informal 
B 10 8 No No Informal Informal 
C 20 4 No No Informal Informal 
D 52 14 Yes Yes Semi-formal Semi-formal 
E 278 11 Yes Yes Formal Formal 
F 1000 >100 Yes Yes Formal Formal 
Market Characteristics 
Each company was asked for its perspective on the current climate of the AT market. Four 
themes were elicited from their responses. These concerned product imitation, 
competitiveness, market growth and litigation. 
Product imitation appears to be a significant characteristic of the AT market with all six 
companies volunteering information on this subject. "Copying is a major feature of this 
industry. Everybody looks at what everyone else has and copies it. You know that the 
moment you come up with something new that in a very short while someone will copy it 
(Company C). " The director of Company F agrees that there is an issue of copying in this 
industry and admits to copying their competitors' products. 
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The sampled companies deal with product imitation one of two ways. The first method is to 
take out a patent and protect the idea while it is being develop, in order to gain an advantage, 
but to then let the patent application slip because they cannot afford to protect the patent. 
The second method is not to patent the idea, due to the initial cost, timescales and the cost of 
defending a patent, but instead try to keep one step ahead of the competition by making lots 
of adaptations and modifications. "Its hard to patent and very costly, £2000 for something 
that gives you very little protection and takes two years to do. Costs of patents, timescales 
and cost of defending a patent and you can only do it in the UK so there isn't much point 
(Company B). " 
In addition to product imitation, the competitiveness of the AT market is reiterated by three 
of the sampled companies. Company A's view is that "companies are at each other's 
throats", that "there is a lack of new development and innovation in rehabilitation" and that 
"the industry requires looking at anew from an engineering point of view. " Company C 
states that "the market is very competitive" and Company D explains, "until 1995 the 
rehabilitation market was a relatively easy market to be in. In 1995 Smith & Nephew and 
Sunrise started to buy up companies. Sunrise alone bought up forty-five companies. There 
are currently five major companies in the rehabilitation market. " This last statement of 
Company D's appears to confirm the findings of the literature survey, that there is a high 
proportion of small companies in the assistive technology sector, with only a few major 
companies. 
While all six companies believe that the AT market is growing, Company A and others state 
that the fear of liable cases is limiting the growth of the market. According to Company B, 
"the health market is very litigation conscious, more so than other markets". In an attempt to 
protect itself Company B is finding that it is "spending a fortune on health and safety and 
quality assurance". 
In summing up the assistive technology market, Company F believes that "the industry is 
under funded, it does not take advantage of technology and it is not satisfying the needs of 
the customer. " 
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Customer Characteristics 
In the interviews the companies shared the difficulties they faced in targeting the correct 
customer. Company B mused, "whose money is it and who are we actually influencing? If it 
is the householder's money and the product is going into the householder's house are they 
the customer? Are they the decision-maker? That is sometimes difficult to tell. But 
effectively Social Services handles the money and they are going to say how it is to be used. " 
Company F's echoed this view of trying to satisfy multiple customers, "who do you satisfy 
the occupational therapists who prescribes the product or the customer? " Company F also 
touched upon the difficulties faced in trying to satisfy a heterogeneous end-user, "the 
industry has a very diverse and awkward client base and in light of this I think that the 
industry does a reasonable job. " 
There are a variety of routes to market, these include through a dealer, Social Services or 
direct to the end user. The six companies interviewed use a different proportions of these 
routes. Table 9 illustrates what percentage of their products the companies sell to whom. 
For all six companies only a small proportion of their products are sold directly to the end- 
user. More typically the products are sold to either dealers or to Social Services. Especially 
in terms of Social Services this has a big impact on the design of the product. Companies 
with Social Services as their main customer are reticent about moving away from basic 
product lines to provide more options. "We thought about making our product in different 
colours but the cost of it would be enormous, simply in terms of our needing to hold different 
stock and low production volumes. It is a nice idea but no Social Services store is going to 
hold different colour varieties of a product (Company C). " 
Table 9 Percentage of Company Products Sold to Whom 
Company Dealers Social Services Direct to End-User 
A 100% 0 0 
B 
C 
D 
0 
9% 
20% 
80% 
90% 
70% 
20% 
1% 
10% 
E. 80% 0% 20% 
F 95% 0% 5% 
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Product Development Activities 
Three themes were identified from the transcripts of the interviews under the heading of the 
product development activities. The identified themes concern the companies' design 
approach, customer input, and manufacturing constraints. 
Of the six companies studied, only the two larger companies, companies E and F, were 
identified as using formal methods to develop their products. Company F, with over 1000 
employees utilises quality function deployment and, like Company E uses failure mode and 
effect analysis (FMEA). The four small companies revealed that they developed their 
products in a very informal manner. For example, Company B admitted to not using a 
formal design approach. "We don't use any formal design methods. The salesman goes out 
and comes back and says we need this and we think how can we do it? There is no shortage 
of things we should be working on. It would be difficult to do that any m ore formally I 
think. Teams are not used to design the products. We pitch in our ideas and then it is left for 
me to get on with it (Company B). " 
The failure of the small companies sampled to structure their product development activities 
extends as far as failing to structure even the design problem. Companies A, B and C each 
admitted to not developing a product specification before proceeding with the design. 
Company A stated that it did not document or structure the design problem, and when asked 
specifically if he formalises the design problem the director of Company A replied, "you can 
automatically prioritise things like difficulty and cost - we don't write it down". 
When discussing the possibility of using formal methods, Company A stated "I wouldn't 
want anything that would restrict flair. I don't think you need to make anything too 
structured, that would act as a restriction. " While the other companies interviewed did not 
echo this sentiment to the same degree the smaller companies did indicate that they enjoyed 
the freedom with which they currently developed their product solutions. However, the 
value of an organised product development process was recognised by Company F, who 
admits to previously having a "product development process that was in a mess a year and a 
half ago. We have recently introduced a new product development process and believe that it 
will give us a strategic advantage. " 
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Lack of concurrent design was identified as a characteristic of the smaller companies' design 
activities. In particular, Companies A and B directly stated their problems in having the next 
product ready to launch when it was time to move on from the first product. "My difficulty 
is finding the time to develop the next product. Week after week I couldn't do it. We got 
busy, demand shot up and the new design got pushed to the back. Now it has gone quiet, it is 
when the new one should have been coming out on the market. It is the same for any small 
business in any area, simply because of the limited resources we have got (Company B). " 
Company B has been developing one particular product for the last five years and at the time 
of the interview it was still not ready to go into production. 
From the six companies studied it appears that the formality of the approach used to identify 
the needs of the customer decreases as the size of the company decreases, with larger 
companies conducting customer workshops and small companies relying on information 
received at the point of sale. Company E obtains customer input throughout its product 
development process, gathering customer input during the feasibility stage and conducting 
field trials before going into full production. The failure of the smaller companies to 
effectively identify customer requirements appears to be a result of their resource and 
knowledge capabilities. There is disagreement between the companies over the best source 
of customer requirements, with some choosing to target the end-user while others talk 
exclusively to occupational therapists and other medical professionals. Reliance on sales 
team interactions with the customer and interactions with occupational therapists at 
exhibitions is a typical method of customer input for the small sampled companies. The 
result of this post-product input is that each product iteration lags the requirements of the 
customer. 
In identifying customer requirements, Company F, with 1000 employees, reviews its 
customer complaints, conducts analyses of existing products warranties and talks to dealers. 
Up until recently the c ompany admits that it "got away w ith not talking to the end-user", 
however, it now engages in customer workshops and site visits. Company E relies on 
feedback from its sales team to identify customer requirements. 
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Company D believes that "end-users do not have wide enough knowledge to really know 
what they need in a product". They rely on their representatives' contacts in the field and 
through comments from occupational therapists received at exhibitions. Company C's 
method of identifying customer needs is also to listen to comments given by occupational 
therapists at exhibitions and to take into account any unsolicited feedback given by an end- 
user. With regard to using occupational therapists as a source of customer requirements, 
Company F states that `we no longer talk to occupational therapists. They loose touch and 
their opinion differs wildly across the country. When we changed our tack from talking to 
occupational therapists to customer groups we learnt an awful lot more. " 
Company B obtains an insight into the needs of its customers through information gathered at 
one-on-one demonstrations of the product to a potential customer. Company A based its first 
product on the needs of the director's elderly father, subsequently the company has talked to 
hospital departments to identify what would be acceptable to their users. 
From studying the sampled companies it appears that, within the smaller companies at least, 
the roles of identifying market needs and of developing new products, are the responsibility 
of only a few individuals. Within Company A, the director identified himself as solely 
responsible for both of these roles. Company B has a single employee, who as a sales 
representative is responsible for reporting back to the company customer requirements while 
the director is responsible for developing the products. In Company C, the director facilitates 
contact with occupational therapists at exhibitions, while product development is the domain 
of his brother-in law. This practice is not the same for the larger companies sampled, which 
both utilise product development teams. 
None of the individuals responsible for marketing or product development, in the three small 
companies sampled, have previous experience or training in these particular activities. This 
finding helps to explain the seemingly amateur approaches to these activities. If the small 
companies, sampled in this study, are representative of the small companies in the wider 
population, then the failure of AT equipment to satisfy the customer may partly be a function 
of the market research and product design activities being the responsibility of a few, non- 
expert, individuals. 
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With respect to manufacturing capability, Companies A, B and D all assemble in house. 
Company C has links with a small factory in South Africa, where their products are 
manufactured and Companies E and F both manufacture and assemble most of their products 
in-house. Companies A and B admit to be limited by their capabilities and the lack of small 
engineering establishments in the UK. "We are limited to designing with standard 
components simply because they are massed produced and therefore cheaper (Company A). " 
The low production volumes of Companies A, B, C and D also make it difficult for them to 
compete as the low volume increases unit price and restricts product variations. 
Within the AT sector, it appears that there are opposing views on appropriate sources of 
customer information. Some companies feel that end-users are unable to make useful 
contributions to their understanding of customer needs and therefore rely on occupational 
therapists. Other companies feel that OT opinion varies so considerably that they focus their 
attentions on customer groups. Whilst these viewpoints appear to be in stark opposition, the 
research reveals possible rationale for exclusively talking to a particular stakeholder but 
recognises that there is benefit to be gained from utilising both occupational therapists and 
end-users as sources of customer information. 
It is possible that a company's preference for using a particular stakeholder as their source of 
customer information may be influenced by their market research capabilities and past 
experiences. T he research finds that the smaller companies p refer to talk to occupational 
therapists. This may be due to the relative ease with which OTs can be accessed as compared 
to gaining access to users of assistive devices. Also, due to experience of multiple clients at 
different stages of a degenerative illness and their training, OTs are able to give companies a 
consolidated view of what clients, suffering a particular disorder, require in terms of 
assistance. For the small companies this preference for OTs as the source of customer 
information is likely to be reinforced by the forms of customer input that they do receive. 
One company s ampled in the study found that their customers, w hen telling them how to 
improve their products, tended to communicate this in terms of a product solution; the 
company tended to reject these solutions as unworkable. Lack of marketing experience 
might mean that these sorts of companies are unable to extract the actual customer 
requirement from the proffered product solutions. 
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Conversely, it appears that the larger companies have altered their source of customer input, 
rejecting occupation therapists in favour of end-user groups. It is possible that increased 
marketing skill and greater financial resources within these companies means that they are 
able to gain direct access to end-users and are able to consolidate diverse customer needs 
more effectively than the smaller companies; seemingly removing the need for input from 
occupational therapists. The experiences of these companies, that OT opinion varies 
considerably serves to reinforce their preference for input from the end-user. 
Despite the preference for a particular source of customer information, it may be beneficial 
for both large and small companies to consider input from both stakeholder groups. 
Occupational therapists can provide, in addition to consolidated end-user requirements, 
insights into their own requirements as service providers and can provide an understanding of 
the long-term requirements associated with an illness. In contrast, end-users can give a 
company a detailed understanding of how they actually approach a task and can feedback 
their reactions to a product and its features, including elements such as aesthetics and 
usability. 
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Company Attitudes 
In the interview each company was presented with a list of typical attributes exhibited by 
existing customer focused design methods. The companies were asked to identify which of 
these attributes would be appropriate to their company and to what extent. The list of 
attributes is outlined below. 
1. Increase customer satisfaction 
2. Incorporate customer requirements into the design process 
3. Reduce time to market 
4. Reduce indirect costs 
5. Utilise competitive benchmarking 
6. Produce documentation 
7. Reduce the number of down stream design changes 
8. Indicate the appropriate design for development 
9. Utilise cross-functional team members 
10. Provide a step-by-step development guide. 
The responses of the companies to these attributes are summarised in Figure 4.6. From the 
sampled companies it appears that competitive benchmarking, the production of 
documentation and step-by-step guidance for product development are the least well received 
of all of the features, with benchmarking receiving the strongest negative reaction from the 
three smallest companies. Company A provided an interesting insight to its reasons for this 
negative reaction. "I don't operate on a competitive basis. We don't do things just because 
another company is. Originality is important. I think it is much more important to find out 
what the customer wants rather than how other people have considered the problem and their 
solution. We are determined to be original. Companies in this industry are at each other's 
throats; they just don't think outside the problem. You need to find out what the real 
problems are and get advice on what is required" (Company A). 
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The aversion of the smaller companies to competitive benchmarking appears to be a result of 
the high levels of imitation within the market and companies not understanding the potential 
that benchmarking offers to outclass competitors products. With the confession from 
Company F, that they themselves have been guilty of copying competitors products it 
appears that the smaller companies are determined not to become involved in activities that 
they have suffered as a result of. Company A has had one of its products copied by several 
companies. Unable to afford a patent, Company A has managed to take action against one 
particular company that not only copied the product but the trademarked name as well. 
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Figure 4.6 Responses of Companies to Attributes of Existing Design Methodologies 
Supporting Customer Focused Design in the Assistive Technology Industry 
With the exception of Company D, all of the companies responded positively to the idea of 
having a design method that would result in better customer satisfying products. Company 
D's lack of interest in a method that increases customer satisfaction raises questions about its 
attitude to its customers. Is their response due to their belief that their customers are already 
satisfied and if so how can they be sure with their limited market research? Even if they 
know that their customers are satisfied why are they not interested in giving them even more? 
All six companies expressed an interest in a design method that would help them to 
incorporate customer requirements into the design process. It appears that the sampled 
companies are able to relate the incorporation of customer requirements to increased 
customer satisfaction and increased competitive advantage. For example, Company A's 
response to this question was "in our case, increasing customer satisfaction and incorporating 
customer requirements into the design would be absolutely key for us. The whole basis for 
our business is to provide products that the customer wants and will use; customer 
satisfaction from the business point of view is going to be more successful. " The fact that the 
sampled companies are keen to satisfy their customers and understand that this requires 
incorporating customer requirements into the design process leads to the question of why are 
these companies not effectively conducting activities that would lead to satisfied customers? 
The findings of the study appear to indicate that for the small sampled companies, resources 
and experience are partly to blame. 
Reduced time to market is an attribute valued by all six companies, with each one apparently 
recognising the advantage offered by early market entry. The need for such assistance is 
acute with the three smaller companies sampled, as the inefficiency of their product 
development activities is significantly holding back the introduction of new products. A key 
example is Company B, who has been in the process of developing a new product for the last 
five y ears. The company recognises that this as yet unfinished product is "in many ways 
already out of date". 
While reduced time to market was a favoured attribute, features like the reduction of indirect 
costs, a means of identifying the most requirement-fulfilling design and the use of cross 
functional teams, although positively received, were each viewed as irrelevant by at least two 
companies. 
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Interestingly it is the three companies employing less than fifty people that object to or are 
neutral about the most attributes. The remaining three companies are generally enthusiastic 
about the features on offer. From the responses given by the small companies it appears that 
for some of the attributes on offer they do understand the concept or the impact that these 
features could have on their competitive ability, while for others they do not see the 
relevance of the feature to their activities. 
The attitude of the sampled small companies to attributes such as step-by-step guidance and 
competitive benchmarking, may, if these attitudes are a reflection of the wider population, 
have repercussions for the AT design process. With the sampled companies being affected 
by other companies mimicking their products, it appears that these smaller companies are 
eager to distance themselves from any activity that can be perceived as copying. This 
mindset appears to extend to competitive benchmarking. The aversion of small companies to 
activities like competitive benchmarking may not only stunt a company's potential for 
competitive advantage but on a wider scale may reduce the rate at which overall AT product 
performance is raised. In terms of a formal design approach to AT design, a method or tool 
for use by these companies may have to take into account this aversion to activities 
associated with copying if it is to be well received. 
Similarly, the low step-by-step score is also likely to affect either the design or presentation 
of a design tool for small AT companies. Whilst it appears that a lack of engineering design 
experience may be holding back the smaller companies, their apparent fear of losing their 
design freedom is preventing them from capitalising on pre-existing tools that may in turn 
help them to improve the standard of their products. It may be necessary for a design tool for 
the small companies within this sector to stress its flexibility in application, to reassure users 
that they will not be constrained by its use. 
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4.5 Discussion of the Results of the Inductive Research Phase 
Four research methods were used in the inductive phase to identify how and why assistive 
technology companies are failing to satisfy the customer. Through these four studies, eleven 
key findings were identified which address this question and introduce the idea of sector 
readiness for design methodologies. Figure 4.7, illustrates these key findings and relates 
them to the studies from which they were identified. Many findings were identified from 
more than one source, increasing the confidence that the finding may be common to the 
specified population and providing a more comprehensive finding by mitigating some of the 
limitations of the individual methods. The following provides a discussion of these findings 
and examines their implications for the state of assistive technology products and the 
limitations imposed by the research methods on the extendibility of the results. 
The assistive technology sector has a diverse customer base, with the customer potentially 
comprising four stakeholders groups: the end-user, carer, prescribing medial professional and 
the purchaser. In addition to this, the end-user stakeholder is a heterogeneous group with 
diverse needs. In light of this, the task of identifying and meeting the needs of the customer 
is made difficult. The diversity of the assistive technology customer was identified through 
literature and the focus group and case studies. While sources in the literature indicated the 
existence of multiple stakeholder, or actors as they were referred to, it is the other two studies 
that highlight the stakeholders' areas of knowledge and need and the influence of non end- 
user stakeholders on the design of AT products. Together the three studies show that the 
multiple stakeholder aspect of the AT customer, that was reported in 1995, is still relevant 
today. 
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Assistive technology products are failing to meet the needs of the customer in terms of 
function, quality, safety, usability and aesthetics; according to the results of the literature 
review, discussed in Chapter 2, and the focus group study. Focus groups were necessary to 
confirm these findings, as the studies reported in the literature were conducted in the early 
1990's or were based in the United States of America or in Scandinavia. The focus groups 
help to confirm the relevance of the findings of previous studies and the literature provides 
an indication that the results of the focus groups are not limited to products provided through 
Social Services. However, the focus groups and literature survey do not indicate the 
prevalence of AT products failing to satisfy the user, they only indicate that these instances 
are not insignificant. 
Through the FAME database, literature survey and the case studies, it has been identified that 
the assistive technology industry is dominated by SMEs. Although references in the 
literature to the composition of the industry were not found after 1995, the FAME database 
shows t hat t his p redominance w as s till a feature in2 000. T he findings oft he c ase s tudy 
show that in 1995 five large companies emerged in the previously SME only sector. While 
this development was not reported in the dated literature, the existence of these few large 
companies is supported by the results of the FAME analysis. 
From the database it was identified that 88% of the companies employed less that 250 staff, 
63% of the companies identified employed less than a 100 members of staff and 40% 
employed less than fifty. While the exact proportion of SMEs may vary slightly from those 
identified through FAME, as a consequence of not identifying the entire population, the 
results of the other studies indicate that the high proportion identified through FAME is not 
an anomaly. 
Both the results of the case study and literature review show that the AT industry is under 
funded. From the case study, it appears that the lack of funding is most acutely affecting 
SMEs. The implications of this are reflected in both small company core resources and their 
market research and manufacturing capabilities. In terms of a design tool to assist these 
companies, this lack of finance hinders the uptake of methods that require significant 
resources to implement. 
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From the literature survey it was identified that marketing and product development activities 
are the responsibility of only a small number of staff. The case study shows that this is 
particularly relevant for companies employing less than fifty members of staff. With only a 
single company representing companies in the 50-100 employees range, it is uncertain 
whether their behaviour is representative, although there are no known reasons to suggest 
that it is not. The finding that these particular activities are the responsibility of only a small 
number of staff has implications for the requirements of a suitable design tool. 
It was identified through the literature survey, and also found to be true for the small 
companies sampled in the case study, that for the smaller AT SME there is a lack of 
personnel with training or experience in market research or product development. This 
finding may partly explain the inadequate state of these activities, which was also identified 
through the research and is discussed below. 
Through the postal survey it was found that the sampled small AT companies were not 
conducting rigorous market research. The opinion of one stakeholder group, identified 
through the focus group discussions, was that companies were not talking to either the end- 
user or medical professionals and that companies needed to do this. A series of case studies 
examining six companies revealed that the smaller companies sampled in the study are not 
conducting effective market research. Together, these three sources raise confidence in the 
finding that small assistive technology companies are conducting inadequate market research 
to identify the needs of the customer. Pertinent to these findings is the awareness that both 
the postal survey and case study populations were identified from the same list of AT 
companies; any biases introduced by this list will be present in both studies. 
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While not examined by the focus groups, the postal survey and case studies both indicate that 
small AT companies do not have formal design processes. Rather, their approach to product 
development appears to be an intuitive and unstructured process. While this process is likely 
to be inefficient, it is the failure of the sampled companies to structure the design problem 
which suggests the possibility that any identified customer requirements will be ineffectively 
incorporated into the design process. The failure of small companies to structure the design 
problem was identified solely through the case studies. Although this study was limited in 
size, companies sampled were chosen to be representative of the parent population, 
increasing the likelihood that other small companies are similarly failing to structure their 
design problems. 
The two remaining findings of the inductive research relate to the attitudes of AT companies 
to the attributes of known design methods. All six companies sampled in the case studies 
revealed that they value the idea of producing customer satisfying products and feel that 
incorporating customer requirements into the product development process is a valuable 
activity. Conversely, the small companies in the study expressed an aversion to any method 
would restrict t heir freedom to develop a product solution. If other s mall AT companies 
shares these preferences then this has implications for the characteristics of a design method 
for this sector. 
The heterogeneous and multi-stakeholder nature of the AT customer might partly explain 
why customers are not currently being heard by assistive technology companies. However, 
there may be other factors that are contributing to this. As explained in Chapter 2.4, gaining 
access to AT end-users is difficult, hampering companies in their attempts to gather customer 
input and feedback. The diversity of customer needs might also be overwhelming for 
companies; this may explain why OTs are used as consolidators of end-user information by 
some SMEs. Many small companies do not have the manpower, skills or resources to 
conduct effective market research, again making it difficult for the company to hear the voice 
of the customer. 
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Social services' attitude of it being the company's responsibility to approach them for input 
is likely to be impeding the flow of customer information. It may also be the case that some 
companies do not realise the impact that customer input can have on their products whilst 
others appear to deride what customer feedback they do receive. It appears that some 
companies are unable to see the customer requirements contained in customer-suggested 
solutions. This observation suggests that a deficiency in these sorts of skills is helping to 
prevent companies from hearing the AT customer. 
Also relevant to a discussion of how and why AT products are failing to satisfy the customer 
is the understanding of how assistive technology companies differ from other SMEs. The 
assistive technology sector has low barriers to entry; this may help to explain the high 
proportion of small enterprises in the growing market. The survival of companies with 
substandard products may be as a result of the standard of the competition in the market or 
the unusual situation where the need for a product is so great that a substandard product is 
preferential to no product. A combination of these factors may be sustaining companies that 
would not ordinarily survive. 
The predominance of SMEs might also be exacerbating the prevalence of copying within the 
sector; larger companies are typically in a better position to protect their ideas. This culture 
of copying hinders much needed collaboration and promotes incremental product 
improvements at the expense of innovation. It may also be that these smaller companies are 
or were the unwitting research arm of the larger companies. 
AT companies are also different to other SMEs in terms of the customer they have to satisfy. 
The pronounced stakeholder nature of the AT customer p resents unique challenges to AT 
companies, particularly where a body such as Social Services forms the main delivery route 
to the customer. In this situation the perceived requirements of this intermediary may be 
influencing the direction in which companies are developing their products. 
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The predominance of SMEs, in particular companies with less than fifty employees, and the 
activities and capabilities of these small companies, which impacts their market research and 
product development activities, suggests that these capabilities may be partly responsible for 
the failure of AT products to satisfy the customer. In particular, the failure of these 
companies to effectively listen and act on the needs of a complex customer is resulting in 
products that are failing the customer on a number of different levels. With these capabilities 
and activities being mainly identified in the very small but prolific AT companies in the 
industry, those employing less than fifty members of staff, it is suggested that any design tool 
to tackle satisfaction levels with AT products be aimed at this group of companies. In 
particular, it is recognised that for any such tool to be implemented by these companies it 
must comply with their current needs, capabilities and attitudes; introducing the idea of 
sector readiness. Is the AT sector ready for design tools and methods that are used in other 
sectors to aid the development of customer satisfying products? 
Taken from the studies, findings likely to affect the sector's readiness for a customer 
satisfying design tool are: 
1. AT products are failing to satisfy the customer in terms of function, quality, safety, 
usability and aesthetics. 
2. The AT customer is complex with many different stakeholders to satisfy. 
3. The AT sector is dominated by SMEs. 
4. Marketing and product development activities are the responsibility of a small 
number of staff. 
5. The AT sector is under funded. 
6. There is a lack of marketing and product development skill in the AT sector. 
7. Small AT companies are failing to structure the design problem. 
8. Small AT companies have an aversion to constraining methods. 
9. Small AT companies have an aversion to competitive benchmarking. 
10. Insufficient market research is being conducted for the designer to understand the 
needs of the customer. 
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5 Methodology & Results of the Deductive Phase: 
Developing a Design Tool for the Assistive Technology 
Industry 
Chapter 4 discussed the findings of the four inductive studies, which examine how and why 
assistive technologies are failing to meet the needs of the customer. These studies also 
identify characteristics of the sector that may affect the types of design methods or tools that 
can be applied in the sector. Chapter 5 outlines the drafting of a design tool specification 
based upon these findings. Four customer-focused design methods are examined using this 
specification before the development of a design tool for the AT sector is undertaken. 
Included in the discussion of the tool's development is an overview of its characteristics and 
novel features. 
5.1 Design Tool Specification Development 
Following Pugh's recommendations for the development of a product design specification a 
specification was drawn up for the required features of a design tool for the AT sector; the 
specification has its roots in the findings of the inductive phase of research. Figure 5.1 maps 
the findings of the inductive research to the developed specifications. 
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Figure 5.1 Source of Design Tool Specifications 
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In order to develop specifications for a design tool for small assistive technology companies, 
the findings of the studies were examined to identify their implications for the design of such 
a tool. The filter used to develop the specifications from the findings of the research is 
discussed below. 
As identified in the research `assistive technology products are failing to satisfy the customer 
in terms of function, quality, safety, usability and aesthetics'. As discussed in Chapter 5, the 
implications of this finding is that some companies are failing to meet even the most basic of 
customer needs. To address this, in keeping with the aims of the research, it was decided that 
a design tool for small assistive technology companies, should focused on satisfying the 
customer in terms of fulfilling customer needs. This overall requirement for the design tool 
is expressed as, "the design tool shall actively support the development of customer 
satisfying products. " The term actively was used to ensure that this support was an integral 
feature of the design tool and not an additional benefit of a broader focused tool. 
The research identifies that the AT customer is complex and that there are different 
stakeholders whose needs a company may have to address in addition to the needs of the end- 
user. In respect to this it is important that any design tool for assistive technology companies 
enable the needs of these different stakeholders to be considered. Translating this into a 
specification, "the design tool shall enable the user to consider the needs of multiple 
stakeholders". In expressing this specification, care was taken not to prescribe how the tool 
was to enable this consideration. 
As discussed in Chapter 2, the AT sector is dominated by SMEs. A design tool for small 
companies within this sector, as already discussed, is likely to be constrained by the 
resources of these companies, including their small numbers of employees. Both the finding 
that SMEs are the norm in the AT sector and that marketing and product development 
activities are the responsibility of a small number of staff leads to the observation that a 
design tool for these companies should require limited personnel to implement. Based upon 
observations from the company case studies, where it was noted that the design/market 
research activities were the responsibility of one person, it was decided that the tool should 
be "applicable by a single person". 
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Also deriving from the two findings discussed above is the specification that the tool shall 
avoid time consuming activities which do not directly impact the company's ability to meet 
the needs of the customer. The need for this specification is further supported by the finding 
that the AT sector is under funded. This latter specification also has implications for both the 
cost of applying the tool and the methods of market research advocated by the tool. 
As suggested by the findings of the research, small AT companies are under funded. This is 
likely to affect the amount of money that these companies can commit to implementing and 
utilising a design tool. In response to this the specification was set so that the design tool 
"shall require limited finances to apply. 
One of the design tool specifications is that the tool shall guide the user to appropriate 
methods of market research based upon levels of skill, time, money and manpower resources. 
This specification is as a result of the findings that, in small AT companies, marketing 
activities are the responsibility of a small number of staff; the sector is under funded and that 
there is a lack of marketing and product development skill. Rather than specifying that the 
design tool have an associated market research method, such as observational research, the 
tool is to provide the user with sufficient knowledge to enable the user to determine an 
appropriate method for the situation, taking into consideration the company's resource and 
skill capabilities. 
Also deriving from the finding that there is a lack of marketing and product development 
skill in the AT sector is the specification that the design tool shall guide the user in 
appropriate development activities necessary for the development of customer focused 
products. Possibly due to limited product development skill, it was observed in the research 
that many of the product development activities normally conducted in other manufacturing 
sectors, such as the development of a product design specification, were absent in the 
development processes of the sampled small AT companies. The provision of a design tool 
that guides the user to such activities is suggested in order to help these companies mitigate 
limitations currently experienced due to lack of product development skill. The term `guide' 
was used in the specification to ensure that the application of the tool would not force the 
user to engage in an activity that they felt to be in appropriate to their company. 
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This sentiment is more strongly embodied in the specification that the tool shall provide 
structure to the design process without constraining the process of developing a product 
solution. This specification derives from the findings that small AT companies are failing to 
structure the design problem and that these companies have an aversion to constraining 
methods. In line with their lack of product development skill and their apparent failure to 
structure the design problem, the specification requires that the design tool provide a 
structure to the design problem. However, allowance is made for the attitude of the small 
companies to methods that they feel as restricting their freedom to be creative. Their 
aversion to such methods has been considered in the specification with the clarification that 
while the tool is to provide structure to the development process it must not constrain the 
creative phase where solutions to the design problem are generated. 
Other attitudes identified through the research reveal the aversion of small AT companies to 
competitive benchmarking attitudes; they equate such attitudes with copying. This 
observation is reflected in the specification; "the design tool is to exclude techniques that rely 
upon competitor products". In specifying activities that rely upon competitive products 
rather than just specifying competitive benchmarking, methods compliant with the 
specification are less likely to be perceived as involving copying the competition. 
The finding that, within small assistive technology companies, insufficient market research is 
being conducted for the designer to understand the needs of the customer was felt to have a 
likely impact on the shape of a design tool for these companies. Whilst the main effect of 
this finding is address in the requirement that the design tool guide the user to appropriate 
forms of market research, this finding and that of the limited product development skill 
within small companies, lead to the observation that it may be necessary to position customer 
needs as the foundation of the product development process within these companies. The 
need to identify customer needs and the importance of these needs to the development 
process is encapsulated in the specification that "the design tool shall enable the user to base 
the product solution upon the identified needs of the customer". 
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Figure 5.1 demonstrates the provenance of the design tool specifications; relating the 
specifications to the findings of the research in the sequential order that the findings were 
presented in the research. The order of the specifications have subsequently been altered to 
begin to reflect the relative importance of each specification. Customer satisfaction and 
grounding the development process in the needs of the customer form the main focus of the 
design tool specification. The latter specifications impact to a lesser degree the shape of a 
design tool for the small companies within the assistive technology sector. 
The design tool specifications are as follows: 
1. Actively support the development of customer satisfying products. 
2. Enable the user to base the product solution upon the identified needs of the customer. 
3. Enable the user to consider the needs of multiple stakeholders. 
4. Provide a structure to the design process without constraining the process of developing a 
product solution. 
5. Guide the user in appropriate product development activities necessary for the 
development of customer focused products. 
6. Be applicable by a single person. 
7. Avoid time-consuming activities which do not directly impact the company's ability to 
meet the needs of the customer. 
8. Be applicable with limited finances. 
9. Guide the user to appropriate methods of market research, based upon levels of skill, 
time, money and manpower resources. 
10. Exclude techniques that rely upon competitor products. 
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5.2 Comparison Exercise 
A number of design methods and tools, which are used in other industries, have been 
identified as being potentially suitable for the AT sector in terms of enabling companies to 
design customer-satisfying products. This section describes the steps taken to ascertain 
whether any of the identified tools are likely, based upon the specification, to be successfully 
adopted in the AT sector. This section also outlines each of these tools and discusses the 
findings of the comparison exercise. 
5.2.1 Methodology 
In order to assess the suitability of the identified tools, a comparison exercise was conducted 
between the characteristics of each tool and the AT design tool specification. The approach 
to this comparison exercise is similar to that used when products are tested against their 
specification in the development process. To facilitate the comparison exercise, the 
characteristics of each tool have been identified from literature. The number of references 
available for each of the design methods and tools is perhaps a reflection of how widely these 
tools are used in industry or how widely reported and researched these tools are. 
5.2.2 Overview of the Potential Design Methods & Tools 
Four tools and methods were identified as being potentially suitable for aiding the AT sector 
to focus its design process on the needs of the customer, and were included in the comparison 
exercise study. Other approaches were considered for inclusion in this study but were 
discounted for a variety of reasons. The excluded methods were inclusive design, contextual 
design, empathic design and traditional and emerging market research methods. The 
following provides a brief rationale for their exclusion. 
The focus of the inclusive design approach is on designing products to be as accessible for as 
broad a range of user capacity as possible; its approach is that of making everyday products 
usable by users with impairments. As discussed in Chapter 2.1.2, inclusive design or design 
for all does not supplant AT design as there will always be the need for specialised design 
(Coleman, 2003). While there are tools being developed for inclusive design applications 
which may also benefit AT design, such as the `multivariate estimation of population 
included' tool discussed in Chapter 2.3.5, the inclusive design approach, itself, does not offer 
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a method for incorporating customer requirements into the design process. On this basis it 
was decided to exclude the inclusive design approach from the comparative exercise. 
A further approach that was excluded from the study was that of empathic design. Central to 
empathic design is the use of observations to increase designer empathy with the customer 
and to facilitate the design of user-centred products (Burns, 1999). Leonard (1997) identifies 
five steps in the empathic design process and maintains that the first step, observation, should 
be conducted by a multidisciplinary team; since different people extract different information 
from the same situation. The five steps in the empathic design process are: 
1. Observation 
2. Capturing Data 
3. Reflection and Analysis 
4. Brainstorming for Solutions 
5. Developing Prototypes of Possible Solutions. 
Whilst empathic design forms a key approach in revealing unarticulated customer needs, 
Leonard himself notes that this technique cannot replace market research. The omission of 
empathic design from the comparison exercise is not because it is unsuitable for the AT 
sector; the use of observational research including product-in-use and user diaries is felt to 
offer useful techniques to AT designers, rather, this approach and other traditional and 
emerging market research methods are not included in this study because they are felt to be 
appropriate to AT companies, dependent upon the situation in which they are to be applied. 
Therefore, their consideration is more appropriate by the AT company, and as such they 
should be presented as one of the options in a portfolio of methods, which itself guides the 
user to appropriate methods of market research. In respect of this, it is the suitableness of the 
portfolio of methods that should be considered in the research rather than that of individual 
methods which seek to elicit customer needs. 
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Similar to empathic design is the contextual design method described by (Holtzblatt, 1998). 
This method also advocates better customer understanding through observational research, 
however it focuses on system design. The seven steps of conceptual design are: 
1. Contextual Enquiry 
2. Interpretation Session 
3. Work Models and Affinity Diagrams 
4. Visioning and Story Boarding 
5. User Environment Design 
6. Paper Mock-up Interviews 
7. Interaction Design 
The reasons for excluding contextual design from the comparison exercise are similar to 
those of empathic design- both methods advocate better customer understanding through 
observational research. However, the main reason for omitting contextual design from the 
study is its systems focus. Whilst this focus may be appropriate for telematic applications, 
the remit of the research concerns non-telematic assistive devices. 
Based upon these considerations the four methods of incorporating customer needs into 
design were quality function deployment, concurrent engineering, strategic design and 
requirement trees. The following provides a brief overview of each of these methods. 
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An Overview of Quality Function Deployment 
"Quality function deployment (QFD) is a method for developing a design quality aimed at 
satisfying the consumer" (Akan 1990). "It is a method for structured product planning and 
development that enables a development team to specify clearly the customer's wants and 
needs, and then to evaluate each proposed product or service capability systematically in 
terms of its impact on meeting those needs" (Cohen 1995). 
Central to QFD is the `house of quality' chart, which is based upon two matrices, see Figure 
5.2. Utilising the chart at the specification stage of the product development process requires 
the translation of customer requirements into engineering characteristics via the matrices. In 
addition to the specification stage, quality function deployment can be applied to the length 
of the design process. The voice of the customer is deployed through each stage of the 
development process by the linking of a series of QFD charts. The output of one chart is 
used as the input to the next, creating a `street of quality' and ensuring that customer 
requirements influence the entire development process. 
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Figure 5.2 House of Quality Chart: QFD 
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The characteristics and benefits of the quality function deployment approach are well 
documented. Summarising the findings of the literature, QFD is customer driven; it 
improves quality and customer satisfaction, but only involves the customer at the initial 
phase of the product develop process. It promotes teamwork and systematically links 
engineering activities. It provides a visual data presentation format and provides flexible 
documentation. It reduces product development time and problem `spikes' during production 
start up, thereby reducing overall implementation time and related costs. (Kano, Seraku et al. 
1984; Sullivan 1986; King 1989; Bossert 1991; Clausing and Pugh 1991; Griffin and Hauser 
1993; Curtis and Ellis 1998; Goodstein and Butz 1998; Kaulio 1998; Prasad 1998; Davies 
1999) 
Some of QFD's characteristics are viewed as negative or constraining attributes. This 
include the finding that the benefits of a customer focus and process improvement are more 
pronounced in smaller firms than in larger firms (Ettlie and Johnson 1994). Davies (1999) 
believes that QFD may show ambiguity in the customers' demands and states that it requires 
the input and analysis of a large amount of data and can produce very large and complex 
charts. With respect to time and resource constraints, "QFD can demand significant initial 
investment in training, project facilitation and market research; its use of a team of functional 
representatives makes high demands on stretched personnel resources; and its complex charts 
can make QFD very time consuming (Lowe 2001). " 
Prasad (1996) argues that conventional QFD is mainly quality focused and therefore does not 
specifically address cost, tools, technology, time-to-market and organizational aspects in the 
same vein as it does quality. He also argues that QFD is a phased sequential process. 
Clausing (1994) identifies QFD as a suitable method for application to simple, conceptually 
static products but states that it is not as appropriate for dynamic products. In their paper 
QFD - Past, Present and Future Evbuomwan and Jebb (1994) have reviewed the various 
enhancements that have been made to QFD, including the addition of Pugh's concept 
selection method to enable the application of QFD to conceptually dynamic products 
(Clausing and Pugh 1991). In response to the serial-phased nature of QFD concurrent 
functional deployment has been developed and is discussed by Prasad (1996). 
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An Overview of Concurrent Engineering 
Concurrent engineering has many definitions. It can be described in terms of what it is, why 
it exists and how it is carried out (Backhouse and Brookes 1996). A prominent definition of 
concurrent engineering is that given by Winner (Prasad 1996) who states that "concurrent 
engineering is a systematic approach to the integrated, concurrent design of products and 
their related processes, including manufacture and support. This approach is intended to 
cause the developers, from the outset, to consider all elements of the product life-cycle from 
conception through disposal, including quality, cost, schedule, and user requirements" 
(Winner, Pennell et al. 1998). 
By comparison, the definition offered by Creese and Moore (1990) focuses on why 
concurrent engineering is important, saying that "concurrent engineering is a management 
philosophy dedicated to the improvement of customer satisfaction through improved quality, 
reduced costs and faster product development". Good overviews of concurrent engineering 
are given by Parsaei (1993), Clausing (1994), Syan (1994)and Prasad (Volume I& II, 1996). 
While the predominate aim of concurrent engineering concerns concurrency in the product 
development process, the approach supports the development of customer satisfying 
products; with significant resources being dedicated to the learning and understanding of 
customer opinion (Clausing 1994). Practically, within concurrent engineering the voice of 
the customer is emphasised through both tools and teamwork (Prasad 1996). 
Concurrent engineering is structured around teams comprising of co-located or 
multifunctional members (Owen 1992). The role of each team member is to represent the 
specialised knowledge of their function (Owen 1992; Clausing 1994), with the member from 
the marketing function championing the voice of the customer. In this way the product 
development team integrates the "customers' input, about their product and processes, with 
their own experience in business solutions (tools), knowledge of future directions 
(technology) and the organisational infrastructure, to provide world-wide competitive 
advantage" (Prasad 1996). Within concurrent engineering quality function deployment is 
often used to translate customer requirements into actionable engineering characteristics. 
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The approach of concurrent engineering is to conduct work in parallel using multifunctional 
teams. This is in contrast to the traditional serial approach where the responsibility for the 
developing product belongs to a different functional department depending on the stage of 
development. Figure 5.3 illustrates the concurrent development activities of concurrent 
engineering. The benefits of adopting this approach are enhanced customer satisfaction, 
improved quality, improved communication, increased profitability, reduced product 
development lead-time, an improved production process and the pre-empting of errors (Bebb 
1990; Clausing 1994; Syan and Menon 1994; Prasad 1996). Industrial examples that 
corroborate t he b enefits of c oncurrent e ngineering i nclude t hose given by Watson (1991), 
Turino (1992) and Ettlie and Johnson (1994). 
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Figure 5.3 Concurrent Development of New Products 
As a design approach concurrent engineering is not prescriptive of the activities 
to be carried 
out in the design process (Sivaloganathan, Evbuomwan et al. 
1995). Enhancements to 
concurrent engineering have been made in the form of vehicles 
for implementing concurrent 
engineering ideals in an organisation. Prasad (1996) has extensively 
documented the 
different types of such vehicles. 
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An Overview of Strategic Design 
Strategic Design is "a step-by-step, customer focused, team centred, technology for reducing 
cost, i mproving q uality and s hrinking c ycle time bys implifying ap roducts sy stem of life 
cycle tasks at its early design concept stage. Key to strategic design is developing products 
whose characteristics delight the customer, defeat the competition and meet internal company 
needs" (Huthwaite 1994). 
Strategic design has been developed to build upon concurrent engineering's approach. Under 
the strategic design philosophy a product is no longer just the sum of its constituent parts but 
instead, it is viewed as a series of life-cycle business tasks - from concept to manufacture to 
disposal. At the concept stage, the design is examined for the effect of its design features on 
each life-cycle business task. In this way, unnecessary expensive tasks are avoided through 
careful design. 
The strategic design method relies upon tools and teamwork to incorporate the voice of the 
customer into the product development process. Like concurrent engineering, 
multifunctional teams are employed. Strategic design's tools and methods are used in early 
the design concept stage, ahead of quality function deployment. The team follows a series of 
processes, where customer requirements are translated into the characteristics that a product 
must display in order to satisfy the customer; within strategic design these characteristics are 
termed `ilities'. Strategic design's `ility' chart tool is used to develop the total design 
concept, from both a technical and commercial perspective. Its purpose is to build agreement 
within the team on the key strategic design goals, to gain consensus of management and to 
rate alternate design solutions. 
The `ility' chart or spider diagram, see Figure 5.4, is a cross-functional team centred tool. 
The chart is constructed using customer requirements and is used to compare potential design 
solutions. The potential solutions are each plotted on an ility chart. The characteristics of 
each product are marked on the chart in relation to the relevant scale. The product that 
achieves the highest score on the most important features can be easily identified and 
developed. Huthwaite, the author of strategic design, provides a full description of his 
method and the `ility' chart in his publication Strategic Design: A guide to managing 
concurrent engineering (1994). 
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Figure 5.4 Strategic Design's Ility Chart 
Through the strategic design method, customer satisfaction and internal needs are met 
through the consideration of a product's entire life-cycle tasks, by a multidisciplinary team. 
According to Huthwaite (1994) strategic design addresses the total business problem rather 
than just the technical design problem. It focuses on the customer while balancing customer 
needs with the needs of the company. The method is reported to improve product quality, 
reduce product development time and cost, and it simplifies a product's system of life cycle 
tasks. 
Criticisms of strategic design include its focus on a total of eight product characteristics, 
developed from customer requirements, when rating alternate solutions. This means that all 
eight metrics must be chosen very carefully. Translating customer requirements into one- 
word characteristics (ilities) is very simplistic and may not capture the full implications of the 
customer's need. 
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An Overview of Requirement Trees 
The requirement tree tool is used to structure the process in which the style of the 
information gathered through the marketing brief is converted to a format suitable for 
application to the product design specification (Wright 1998). 
This tool systematically maps out the full range of paths and tasks that need to be 
accomplished in order to achieve a primary goal and every related sub-goal. It describes the 
`methods' by which every `purpose' is to be achieved (Bossert 1991). 
Through requirement trees, the voice of the customer is incorporated into the design process 
by the systematic conversion of objective requirements into constrained requirements. Every 
objective requirement is successively broken down into its constituent meaning, with each 
layer of the tree clarifying more clearly its predecessor. The requirement tree is illustrated in 
Figure 5.5. The bottom layer of the tree expresses the intent of the objective requirement as 
unambiguous, quantified constraints. Wright (1998) gives a good over view of the 
requirement tree method. 
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Figure 5.5 An Illustration of the Structure of the Requirement Tree 
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Through the requirement tree method, designers are able to develop design constraints that 
are related to customer needs. The trees can either be developed by an individual, to order 
thoughts, or by a team, to assist communication. The method encourages the design team to 
explore design requirements before attempting design solutions, thereby reducing the risk of 
ruling out possible design solutions before all of the requirements are established. 
Additionally, the characteristics of the method support and control the interactions of the 
team without inhibiting their ability to think freely. The method provides documentation 
and, if supplemented with documentation detailing the reasoning behind decisions taken in 
the requirement tree, the tree can form a valuable source of accountability and trace-ability 
information. The requirement tree method is applicable to all stages of the design process, 
although traditionally it is used during the initial problem-definition stage. 
Although the requirement tree method supports the rapid development and recording of 
ideas, the size and dynamic nature of the tree can lead to cluttered and confused diagrams 
especially where abbreviations are used. It is good practice to redraw the tree diagram when 
it is complete but this increases the time taken to use the method. In addition to this, the 
requirement tree method is highly subjective, with no two teams deriving exactly the same 
constraints. 
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5.2.3 Results of the Comparison Exercise 
The suitability of each of the four methods for the assistive technology sector, gauged 
through a comparison of the method's attributes to the design tool specification, is discussed 
in a separate section for each method. However, Table 10 illustrates the compliance of each 
method with the ten specifications. 
Table 10 Methodology Compliance with the Design Tool Specification 
Methods Compliance with Specifications the Specification 
QFD CE SD RT 
1. Actively support the development of customer satisfying     
products. 
2. Enable the user to base the product solution upon the identified     
needs of the customer. 
3. Enable the user to consider the needs of multiple stakeholders.  0 X X 
4. Provide a structure to the design process without constraining 
h fd l i d l i  0  0 t e process o eve ng a pro op uct so ut on. 
5. Guide the user in appropriate product development activities X X  X necessary for the development of customer focused products. 
6. Be applicable by a single person. X X X  
7. Avoid time-consuming activities which do not directly impact 
' X Q 0 Q s ability to meet the needs of the customer. the company 
8. Be applicable with limited finances.  Q 0  
9. Guide the user to appropriate methods of market research, based 
upon levels of experience and time, money and manpower X X X X 
resources. 
10. Exclude techniques that rely upon competitor products. X    
Key 
Methodology attributes that comply with the specification 
x 
Attributes of the method that fail the specification 
0 
Methodology attributes that fail the specification to some degree 
Supporting Customer Focused Design in the Assistive Technology Industry 
Evaluation of Quality Function Deployment 
The comparison of the characteristics of quality function deployment with the design tool 
specification reveals attributes of this method that are suitable for the assistive technology 
sector. With respect to the first and second design tool specifications, which require that the 
tool actively support the development of customer satisfying products and enables the user to 
base the product solution upon the identified needs of the customer, it is clear that the QFD 
method fulfils these requirements. Customer requirements form the foundation of the house 
of quality chart and through the application of the QFD chart at each stage of the 
development process the resulting product has the potential to be grounded in the voice of the 
customer. 
The third specification requires that the tool enable the user to consider the needs of multiple 
stakeholders. As customer requirements are entered onto the house of quality chart their 
relative importance can be recorded on the chart. This value can be weighted to reflect the 
significance of the customer group articulating that requirement; enabling the user to 
consider the needs of multiple stakeholders. In this way the QFD method fulfils the third 
design tool specification. 
The fourth specification concerns providing a structure to the design process without 
constraining the process of developing a product solution. Conducting the activities required 
to complete the house of quality chart provides a structure to the specification stage of the 
product development process and as such, the method complies with the fourth specification. 
The fifth design tool specification requires that the method guide the user to appropriate 
product development activities necessary for the development of customer focused products. 
Whilst the QFD method is customer focused, and while it does advocate the use of affinity 
diagrams for the consolidation of customer requirements, subsequent activities regarding the 
structuring of the design problem are not specified. Due to this lack of provision for 
companies with limited product development skill, the QFD method is considered as failing 
to fulfil this specification. 
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The sixth specification requires the tool to be applicable by a single person. However, the 
application of quality function deployment usually requires that the house of quality chart be 
constructed through the co-operation of a team rather than by an individual; this is counter to 
the specification. 
The seventh specification concerns avoiding time consuming activities which do not directly 
impact the company's ability to meet the needs of the customer. The application of QFD is 
considered extremely time consuming, requiring the input and analysis of large amounts of 
data. In respect of this, QFD could be said to fail this specification. 
The eighth specification requires that a design tool for the AT sector be applicable with 
limited finances. Due to the application of QFD requiring no significant organisational 
restructuring or expensive technology, QFD is considered as meeting this requirement. 
The ninth specification states that the design tool must guide the user to appropriate methods 
of market research, based upon the user's levels of skill, time, money and manpower 
resources. Whilst requiring customer input, the QFD method does not provide a user, with 
limited market research skill or experience, guidance on appropriate forms of market research 
for their situation. Due to this the QFD method fails to comply with the ninth specification. 
The tenth specification concerns techniques that rely upon competitor products and requires 
that such techniques be avoided. Competitive benchmarking forms one of the activities 
required to complete the house of quality chart. As a result of this, the quality function 
deployment method fails to comply with the tenth specification. 
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Evaluation of Concurrent Engineering 
The characteristics of concurrent engineering are shown to be more divergent from the 
design tool specification than those of quality function deployment when evaluated again the 
specification. Like QFD, concurrent engineering is identified as fulfilling the first and 
second design tool specification. These require that the tool actively support the 
development of customer satisfying products and enable the user to base the product solution 
upon the identified needs of the customer. The concurrent engineering method is dedicated 
to the improvement of customer satisfaction (Creese and Moore, 1990) and requires that 
customer issues be considered from the outset of a project, through representation on the 
development team. 
The third specification requires that the tool enable the user to consider the needs of multiple 
stakeholders. Within the confines of current engineering, the representation of the customer 
on the development team means that multiple stakeholders could be accommodated, 
however, within the AT sector the practicalities of representing the AT sectors' multiple 
stakeholders on a design team would present considerable difficulties. In this respect, 
concurrent engineering is considered as partly fulfilling the requirements of the specification. 
The fourth and fifth specification concern providing a structure to the design process without 
constraining the process of developing a product solution and guiding the user to appropriate 
product development activities necessary for the development of customer focused products. 
Concurrent engineering is more of a management philosophy than a prescription of activities 
to be carried out in the design process (Sivaloganathan, Evbuomwan et al. 1995). Although 
concurrent engineering does structure the development process, in terms of requiring 
development activities to be conducted concurrently, it does not inherently provide tools with 
which to carry out these activities. The non-prescriptive nature of concurrent engineering 
means that it is unlikely that the AT sector would consider the tool to be restrictive yet the 
tool does not guide an inexperienced designer in development or marketing activities. Due to 
this characteristic, concurrent engineering is identified as only partially fulfilling the fourth 
specification and as failing the fifth specification. 
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The sixth specification requires that the tool be applicable by a single person. In practice, 
concurrent engineering is implemented through the utilisation of multidisciplinary teams. In 
small AT companies it is unlikely that the company would be able to release sufficient 
personnel from their current roles in order to establish a design team. This feature of current 
engineering means that it fails to meet the sixth specification. 
The seventh specification concerns avoiding time consuming activities which do not directly 
impact the company's ability to meet the needs of the customer. Whilst the concurrent 
engineering philosophy expressly seeks to reduce product development time by conducting 
development activities concurrently, the adoption of the philosophy requires a fundamental 
shift in organisational attitude and a restructuring of the organisation. In light of this latter 
characteristic, concurrent engineering is only considered as partially fulfilling the seventh 
specification rather than meeting it fully. 
The eighth specification requires that a design tool for the AT sector be applicable with 
limited finances. Again, concurrent engineering is considered as partially fulfilling this 
specification. Whilst many costly technologies are traditionally associated with concurrent 
engineering, their use within concurrent engineering is not stipulated by the approach. 
Despite this, it is possible that significant costs would be encountered by small companies 
wishing to adopt this approach. 
The ninth specification states that the design tool must guide the user to appropriate methods 
of market research, based upon the user's levels of skill, time, money and manpower 
resources. Like QFD, concurrent engineering does not provide a means to support users with 
limited skill in terms of identifying appropriate methods of market research. In this respect 
the concurrent engineering approach fails to meet the ninth specification. 
The tenth specification, for a design tool for small companies in the AT sector requires, that 
the tool exclude techniques that rely upon competitor products. Unlike QFD, concurrent 
engineering does not stipulate that competitor based activities such as competitive 
benchmarking be carried out, therefore the approach fulfils this final specification. 
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Evaluation of Strategic Design 
Due to its roots in concurrent engineering, strategic design shares many characteristics with 
this approach, however strategic design has been developed to provide a greater structure to 
the development process and views the product as a series of life-cycle business tasks. When 
evaluating the characteristics of strategic design against the design tool specification, the 
approach is identified as fulfilling both the first and second specifications. These require that 
the tool actively support the development of customer satisfying products and enables the 
user to base the product solution upon the identified needs of the customer. Part of the 
expressed aim of the strategic design approach is to develop products whose characteristics 
delight the customer. P roduct solutions are developed based upon customer requirements 
that have been translated into `ilities'. These `ilities' are used throughout the development 
process to ensure that the product under development is developing in line with the needs of 
the customer. 
The third specification requires that the tool enable the user to consider the needs of multiple 
stakeholders. In keeping with this specification the strategic design method makes provision 
for multiple stakeholders and internal customers through its consideration and ranking of 
customer requirements. This is most clearly visible on the `ility' chart where requirements 
from an important stakeholder group can be weighted accordingly. 
The fourth specification concerns providing a structure to the design process without 
constraining the process of developing a product solution. Strategic design provides a 
structure to the concurrent approach taken by concurrent engineering. However, this 
structure is flexible, allowing companies to implement tools that they are comfortable with. 
As a result of this, strategic design is identified as fulfilling the fourth specification. 
The fifth design tool specification requires that the method guide the user to appropriate 
product development activities necessary for the development of customer focused products. 
Due to it structure, which leads the user through the development process and the fact that 
the approach requires very little training to implement, the strategic design approach is 
considered as fulfilling this requirement. 
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The sixth specification requires the tool to be applicable by a single person. Like concurrent 
design, the strategic design approach is implemented within a team setting, this characteristic 
of strategic design means that it fails to meet the sixth specification. 
The seventh specification concerns avoiding time consuming activities which do not directly 
impact the company's ability to meet the needs of the customer. The process of applying the 
strategic design approach and its tools in the design process is a relatively intense but rapid 
process. However, adopting the strategic design approach requires a shift in organisational 
attitude and a restructuring of the organisation which is likely to be both costly and 
protracted. It is due to this latter characteristic that the approach is considered to only 
partially fulfil this requirement. 
The eight specification requires that a design tool for the AT sector be applicable with 
limited finances. As suggested above the adoption of the strategic design approach may be 
costly due to the need to change organisational structure and culture, however, use of the 
tools within the approach require only limited finance. As a result of these characteristics the 
approach is considered as partially fulfilling the eighth requirement. 
The ninth specification requires the design tool to guide the user to appropriate methods of 
market research, based upon the user's levels of skill, time, money and manpower resources. 
Like the other methods evaluated, strategic design requires the input of customer 
requirements but does not provide guidance to unskilled users on how to gather that input. 
The tenth specification concerns techniques that rely upon competitor products and requires 
that such techniques be avoided. Strategic design meets this specification. Similar to 
concurrent engineering, strategic design does not stipulate the use of competitive 
benchmarking or other competitor based activities. 
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Evaluation of Requirement Trees 
Like the methods evaluated before it, the requirement tree tool fulfils both the first and 
second requirements. Inherent to the requirement tree tool is its focus on the needs of the 
customer. Through its systematic examination of customer requirements, customer 
requirements are translated in to a format usable in the product development process, 
enabling customer requirements to form the focus of the development activity. 
The third specification requires that the tool enable the user to consider the needs of multiple 
stakeholders. While the construction of a requirement tree requires the gathering of customer 
requirements, the tool makes no provision for the user to differentiate between multiple 
stakeholders. In this respect the tool fails to meet the specification. 
The fourth specification concerns providing a structure to the design process without 
constraining the process of developing a product solution. While the tool is applied ahead of 
the product design specification, the remainder of the product development process is left 
unstructured and unsupported as the tool, within this function, is only relevant to the initial 
stage of the process. As the requirement tree tool is designed to cover so little of the 
development process, its application is unlikely to be viewed as constrictive by assistive 
technology companies, yet its lack of structuring means that the tool is considered as only 
partially fulfilling the specification. 
The fifth specification requires that the method guide the user to appropriate product 
development activities necessary for the development of customer focused products. Due to 
its limited application, the requirement tree tool is only relevant to process of translating 
customer requirements into clarified objectives. The tool therefore does not meet the fifth 
specification. 
The sixth specification requires the tool to be applicable by a single person; requirement trees 
can either be developed by an individual or by a team. This flexibility in application means 
that the requirement tree tool fulfils this specification. 
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The seventh specification concerns avoiding time consuming activities, which do not directly 
impact the company's ability to meet the needs of the customer. Whilst requirements trees 
form an important bridge between the marketing brief and the product design specification, 
for large projects the construction of the tree can be time consuming, particularly where trees 
are required to be redrawn due to the tendency of the developing tree to be unclear. Due to 
this feature, the requirement tree tool is considered to partially meet the seventh 
specification. 
The eight specification requires that a design tool for the AT sector be applicable with 
limited finances. The method is considered as fulfilling this requirement as its 
implementation requires little instruction or financial resources. 
Due to its limited application, the requirement tree tool does not cover process of gathering 
customer requirements. Its failure to guide the user to market research methods means that 
the tool fails to meet the ninth design tool specification. This specification requires the tool 
to guide the user to appropriate methods of market research, based upon the user's levels of 
skill, time, money and manpower resources. 
The tenth specification concerns techniques that rely upon competitor products and requires 
that such techniques be avoided. A further feature of the methods limited area of application 
in the design process is that the requirement tree tool does not require any benchmarking or 
similar activities. As a result of this, the requirement tree tool fulfils this specification. 
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5.2.4 Discussion 
Four methods, with varying levels of uptake in the manufacturing industry, were identified as 
supporting the development of customer satisfying products and potentially being applicable 
in the assistive technology sector. These methods were quality function deployment, 
concurrent engineering, strategic design and the requirement tree method. In assessing the 
suitability of these methods for this sector, the attributes of each method were compared to a 
design tool specification. The specification, based on the characteristics of the sector 
identified in the inductive research, outlined the parameters in which a design tool would 
have to function to be suitable for small companies in the assistive technology sector. 
From this comparison activity, it has been identified that no one method is, in its entirety, 
suitable for direct application to small companies within the assistive technology sector. 
Although varying between methods, areas of non-compliance with the specification include a 
failure to allow for the needs of multiple stakeholders, a reliance on team centred activities 
and a failure to allow for users with limited development experience. An additional feature 
that was identified with some of the methods, in particular concurrent engineering and 
strategic design, is the required change in organisational attitude for the method to be 
adopted in the AT sector. Sector readiness for pervasive design methods is low, as indicated 
by the reaction of the sampled companies in the inductive research. Methods exhibiting this 
characteristic would require a change in sector culture in order to be viewed as acceptable 
and such a change would require significant time and effort before they could 
be 
implemented. 
Despite the finding that no entire method is suitable for the sector, the study did reveal 
powerful mechanisms for focusing the design process on the customer, 
including the use of 
matrices to facilitate the identification of conflicting attributes 
in proposed engineering 
constraints. It is suggested that a design tool for the assistive technology sector might 
incorporate some of these mechanisms into its design. Stuart Pugh's 
Total Design (1991) 
provides a model of the design process and its activities. It 
is proposed that a design tool be 
developed based around Pugh's model, in particular the initial stages of a product 
design 
activity, in order to assist an inexperienced user to incorporate the voice of 
the customer into 
the product development process. 
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5.3 Creative Solution Development 
Through the synthesis of the findings of the inductive research a series of specifications have 
been identified for a design tool, for small AT companies, to enable the design of customer 
satisfying assistive technology products. On the identification that the proposed methods 
already used in industry are not suitable in their entirety for the assistive technology sector, 
the development of a tool that would be compliant with the specifications has been 
undertaken. The remainder of this chapter discusses the characteristics of the developed tool 
and its provenance. Appendix 4 contains a workbook detailing the different elements of the 
tool and its method of application. 
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5.3.1 Overview of the Developed Design Tool 
The developed design tool consists of eight elements, for use in the initial stages of the 
product development process. The tool is designed to be flexible in its application, where 
one or two of its elements can be applied where necessary. Alternatively, all eight elements 
can be applied successively, using the output of the previous element as the input to the next. 
In order of application the eight elements of the tool are the: 
1. Project scope element: its purpose is to assist companies in clarifying the project's 
boundaries at the outset. 
2. Knowledge source matrix element: its purpose is to assist users with limited market 
research experience to identify and capitalise on the knowledge of different AT 
stakeholders groups, at which to target the market research. 
3. Methods lab element: Designed by the Netherlands Design Institute (2000), its purpose 
is to assist in the selection of appropriate market research techniques to gather the voice 
of the customer. 
4. Theme and characteristics element: its purpose is to assist users with limited time and 
experience to extract and organise customer requirements from the gathered market 
research. 
5. Requirement clarification element: its purpose is to assist in the process of clarifying 
customer requirements in order to produce engineering characteristics and to aid the 
assessment of the viability of these characteristics. 
6. Relationship matrix element: its purpose is to assist in the identification of conflicts 
between the engineering characteristics and to aid the resolution of these conflicts. 
7. Customer orientated product design specification element: its purpose is to enable the 
consolidation of customer-derived product specifications, with provision for 
specifications with alternative origins. 
8. Concept footprint element: its purpose is to enable the evaluation and optimisation of 
conceptual designs based upon the voice of the customer and the needs of the company. 
Figure 5.6 illustrates the eight elements of the tool. 
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Project Scope 
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Knowledge Source Matrix 
Theme & Characteristic Form 
Relationship Matrix 
I 1i1 
Product Design 
Specification 
Concept Footprint 
Figure 5.6 The Eight Elements Comprising the Design Tool 
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Overview: Project Scope Form 
The purpose of the project scope form is to provide an early focus in the product 
development process. The scope, shown in Figure 5.7 enables the purpose and the 
boundaries of the product development activity to be documented; increasing the likelihood 
that later decisions taken in the development process comply with the aims of the project. 
The process of completing the project scope form, undertaken at the outset of the project, 
forces a designer or design team to consider and document issues pertinent to the project. 
The issues under consideration include: 
" What need the proposed project is intended to meet 
" The environmental conditions that the product is envisaged operating under 
" What assumptions have been made and how are they to be verified 
" What constraints are there on the project 
Scope Description 
Need 
Goal 
Environment 
Bathroom: wet, condensation, hot water, 
oils, bubble bath 
Stakeholders End-user, 
Social Services' occupational 
therapists 
Assumptions 
Constraints 
Figure 5.7 Project Scope Form 
The completed scope acts as a reference for the direction of the rest of the project, improving 
its efficiency by helping its users to avoid activities that deviate from the project's aims. As 
assumptions recorded on the form are verified or refuted, the scope form is updated and the 
direction of the project adjusted accordingly. In this way, the scope attempts to ensure that 
the project is relevant to the needs of the customer and the company. 
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Overview: Knowledge Source 
The purpose of the knowledge source matrix is to assist those with limited marketing 
experience to target appropriate stakeholder groups to canvas. By clearly identifying the 
likely domain of knowledge for a stakeholder group, companies can conduct targeted market 
research, whilst maximising their resources. By its nature, the knowledge source matrix 
assists a company to focus on the needs of its customer and supports individuals with little 
market research experience to differentiate between stakeholders. Using the knowledge 
source matrix may help to prevent resources being wasted by those companies new to market 
research. Mistakes that could be avoided include asking the wrong questions of the wrong 
stakeholder group or failing to capitalise on second-hand knowledge that a readily accessible 
stakeholder might have with regard to the needs of another, less accessible, stakeholder 
group. 
The knowledge source matrix concerns the core stakeholders involved in assistive 
technology p roducts. T hese s takeholders c an i nclude the e nd-user, family m ember, c arer, 
medical professional and budget holder. The knowledge source matrix gives a designer an 
indication of who are the primary and secondary sources of product requirement information 
are, based upon the roles performed by each stakeholder. In this context, the term 
`information' refers to the needs and requirements of the customer. 
I 
Stakeholder 
MEMM 
Requirements 
Figure 5.8 Knowledge Source Matrix 
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The knowledge source matrix works by relating product areas, such as aesthetics and 
function, to stakeholders and their roles. Referring to Figure 5.8, in the first column the 
matrix displays a list of stakeholder groups. In the adjoining column, the roles of the 
customer are listed and related back to the appropriate stakeholder groups. Across the top of 
the matrix aspects of a product's character are displayed. At the intersection of product 
characteristic and stakeholder role, the matrix indicates the knowledge status of the 
stakeholder. 
Dependent upon their role, a stakeholder can have: 
1. Limited or no knowledge of requirements that relate to a certain aspect of a product's 
characteristic. 
2. They can know first-hand of product requirements, due to their experiences in their 
role. 
3. Or they can know second-hand of requirements that another stakeholder group has of 
a product. 
Second-hand sources of knowledge are those stakeholders whose own role is not impacted by 
an aspect of a product, but by virtue of their proximity with another stakeholder group whose 
role is impacted by the product characteristic, they are able to relay what the role-player in 
question requires. For example, if an independent purchaser normally performs the role of 
purchasing the product, such as you would find in Social Services, the second-hand 
knowledge source would be an occupational therapist in Social Services. During the course 
of the occupation therapist's work the therapist is likely to associate with the purchaser and 
know something of their priorities and needs. 
Identifying sources of first and second-hand information allows designers to direct market 
research at a stakeholder group appropriate to the area of enquiry. The knowledge source 
matrix can also be used to gauge how much authority can be given to identified stakeholder 
requirements and allows agreement and discrepancies between requirements gathered from 
multiple sources to be identified. Where a product requirement has been gathered from a 
second-hand source, focused market research can be directed at a primary knowledge source 
in order to verify the need for that requirement. 
Supporting Customer Focused Design in the Assistive Technology Industry 
Overview: Method Lab 
The third element included in the design tool is the Method Lab. The Method Lab tool has 
been developed by the Netherlands Design Institute through its Presence project 
(Netherlands_Design_Institute 2000). The purpose of the Methods Lab is to assist 
experience-limited designers in the selection of market research techniques appropriate to 
their needs. 
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Figure 5.9 Method Lab (Netherlands Design Institute, 2000) 
The Methods Lab, shown in Figure 5.9, comprises a diamond chart that maps the position of 
different market research methods along two axes. The horizontal axis reflects the external 
reference ofa in arket r esearch in ethod, from a designer c entred m ethod toau ser centred 
method. The vertical axis depicts the type of information that can be gathered through 
market research methods, the type of information ranges from visual qualities to functional 
qualities. The selection criteria given in the Methods Lab gives an instant view of the output 
generated by each method and the type of input it requires. Icons are used to communicate 
the level of expertise, time, staffing, costs and instruments that are required to implement the 
method. The combination of the diamond chart with the criteria information enables the user 
to rapidly identify appropriate methods with which to gather customer input for a product 
design project. 
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If, for example, a company wished to conduct research that was not individual-user-need 
specific nor focused on the visual or functional aspects of a product, the designer would refer 
to the diamond chart and identify those methods that fall within this region. Identified 
methods would possibly include numbers, 6,7,9,14,15,16,17, and 18. Then, knowing the 
company's capabilities in terms of expertise, time, staff and costs, the associated levels of 
these inputs for each of the identified methods can be looked up in the Method Lab. For 
example, method number 6 refers to Role Play and method number 18 refers to Immersive 
Experience. The output of the Role Play method is given as enhanced sensitivity to users 
whilst the output of using the Immersive Experience method is identified as first-hand 
knowledge. The Role Play method is shown as requiring a medium level of experience but 
low levels of staff and costs. Higher levels of expertise, cost and time are associated with the 
implementation of the Immersive Experience method. For further clarification, the designer 
can refer to a two-hundred word summary of each of the tools given in the Method lab, in 
order to gauge which method might me more appropriate to needs of the project and the 
capabilities of the company. 
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Overview: Theme and Characteristic Form 
The purpose of theme and characteristic form, shown in Figure 5.10, is to assists users with 
limited time and experience to extract and organise the voice of the customer from the 
gathered market research. When used in conjunction with the knowledge source matrix, this 
element assists the user in rapidly identifying the main areas of customer concern from the 
gathered data and helps the user to see what proportion of the identified requirements are 
being articulated by first and second-hand sources. In this way, areas where more market 
research is necessary are easily identified, as are imperative customer requirements. 
Requirement Themes 
Source Tally 
Ist 2nd 
Requirement Characteristics 
Source Tally 
Ist 2nd 
Other Points of Interest 
Source Tally 
Ist 2nd 
A bathing product that works on a comer 
bath 10 S 
Bath Seat that can take the weight of 
clinically obese diente 
1 12 Avoid the plastic used In product X 2 6 
Figure 5.10 Theme and Characteristic Form 
In completing the theme and characteristic form, the user is encouraged to read and note 
down customer requirements from the research data. Requirements quintessentially 
expressing the same need are grouped together, as with affinity diagrams, and are expressed 
as a single encapsulating statement of need. The form allows these statements to be recorded 
under the heading of theme, characteristic or other, assisting in the organisation of the 
requirements. For each statement logged on the form, a tally or score is kept of the number 
of respondents articulating that requirement, where the respondent is categorised as a first or 
second-hand knowledge source. The completed form identifies the needs of the customer 
and it identifies if a requirement is derived from a stakeholder talking about their own need 
or the need of a different stakeholder group with whom they interact. 
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Once complete, the theme and characteristic form provides a basis for deciding whether and 
where further market research should be targeted. If no further market research is required 
then the contents of the theme and characteristic form, those statements of requirement that 
fall within the boundary of the scope of the project, are used as the input to the next element 
in the tool. 
Overview: Requirement Clarification 
The purpose of the requirement clarification portion of the design tool is to assist the 
designer in developing engineering characteristics from the identified customer requirements. 
The requirement clarification element takes the form of a tree diagram and is illustrated in 
Figure 5.11. Like the requirement tree tool, the requirement clarification element enables the 
user to break down customer requirements into their constituent meanings. The starting 
branch of each tree clarifies a statement taken from the theme and characteristic form. A 
branch terminates when logically a statement cannot be clarified further; the statement is 
unambiguous, verifiable and often quantified. In this way the tool logically develops 
customer requirements into engineering requirements. 
Engineering 
Clarification of Constraint 
Requirement 
Requirement 
E. g. Safety 
Fý 
ý*l 
ýl 
E. g. Stable 
e. g. Not catch body parts 
rºI 1.1E. g. May <2mm 
LN 1.2 
rºI 2.1 
E. g. Openings > 75mm 
Lpý 2.2 
* 3.1 
Lloý 3.2 
rºI 
Lool 
4.1 
4.2 
Figure 5.11 Requirement Clarification 
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Where a branch extends beyond the space capacity of the paper on which it is being drawn a 
fresh page is started using the last iterated clarification as the initial root of the tree. Each 
page contains pre-drawn branches allowing structured results recording. All pages that 
originate from an initial customer statement are attached in sequential order as the branch 
develops. Where a branch terminates because no more clarifications can be made, the 
feasibility of achieving that characteristic is considered and logged in the `viability' box, 
located next to the branch. Whilst the activity of developing the clarification tree can be time 
consuming, its organised format removes the need for the tree to be redrawn. 
The requirement clarification element of the tool enables differentiation between 
stakeholders through the importance score. The importance score, logged against each of the 
engineering characteristics, reflects the relative importance of the original requirement to the 
customer. This score can be weighted to bias different stakeholder groups. Also logged with 
each engineering characteristic is a viability score that reflects the feasibility of the 
characteristic based upon a company's capabilities. These two scores are combined 
for use 
in other parts of the tool. 
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Overview: Relationship Matrix 
Element five, the relationship matrix, is shown in Figure 5.12. The relationship matrix is 
used to identify unhelpful relationships that exist between the engineering constraints taken 
from the output of the requirement clarification element. The identification of destructive 
relationships helps companies to avoid wasting time and resources in trying to attain 
mutually detrimental engineering characteristics. 
Original Customer Requirement 
E. g. Stable 
E. 9 No sharp corner, or edges 
Engineering Constraint 
E. g. Play <2 mm 
E. g EN 12182: 1999 
Figure 5.12 Relationship Matrix 
The relationship matrix consists of a single matrix. Through the matrix the engineering 
characteristics chosen from the requirements clarification element are each considered in 
light of the other characteristics. Where it is perceived that the attainment of one 
characteristic will negatively influence the attainment of another this conflict is marked on 
the matrix, indicating the strength of this negative relationship. In addition to the engineering 
requirements, the original customer requirements and corresponding importance/viability 
scores are displayed. Although this additional information is not used in the actual matrix 
this information is provided for use when conflicts are identified between characteristics. By 
displaying the additional information and the severity of the conflict, the tool helps in the 
decision on how to resolve these conflicts. 
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Overview: Customer Orientated Product Design Specification Form 
A product design specification (PDS) is used to document the specifications that a product 
must fulfil. A PDS is developed on the back of the results of market research and research 
into other areas vital to the development of a successful product. Similarly, within the design 
tool, the customer orientated product design specification element enables companies to 
record the product specifications derived from the identified customer requirements, whilst 
making provision for non-customer derived specifications. 
The customer orientated product design specification element, shown in Figure 5.13, consists 
of at emplate t hat p rompts t he u ser for ecord p roduct s pecifications t hat are b ased ont he 
output of the relationship matrix. 
Project - 111111117 Date: Page _ of_ 111111111111111 
Requirements: 
0 -, 0 e....... m 
E3 ý.. o ..,. M 
p . .,.., o -. 
O ,.... 0- 
El N 
O a., 
p 
p ,..., 
0 , _. e. 
13 
p ..... 
p e. ý.. e. _. 
p 
p --- 
C3 
Number Item 
E. g. I E. g. All edges and comers shall comply with EN12182: 1999 
E. g. 2 E. g. All detachable parts of th e unit shall weigh less than 2kg +/- iggg 
Figure 5.13 Customer Orientated Product Design Specification 
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Specifications are entered onto the document under one of twenty headings. Each category 
has its own page. The top of every page provides tick boxes in which to record the 
requirement category contained on that page. The customer orientated PDS template 
provides boxes for recording the project name, date and page number. Provision is also 
made for each specification to be numbered. While entering specifications taken from the 
relationship matrix provides the user with a customer orientated product design specification, 
provision has been made for other non-customer related specifications to be included in the 
specification document. 
Overview: Concept Footprint 
The final element comprising the design tool is the concept footprint, which is shown in 
Figure 5.14. The concept footprint enables the comparison of conceptual designs, using 
requirement-based metrics, in order to aid concept selection. The concept footprint consists 
of an eight-pronged cross; the end of each prong corresponds to a single customer or 
manufacturing requirement chosen for its importance by the user. 
For each concept, two footprints are generated. The first is a customer-based footprint where 
the eight metrics for evaluating the concept are drawn from customer-based specifications. 
The second is a company-based footprint where the metrics are company-orientated key 
success factors, such as the manufacturability of the design. For each footprint, the 
characteristics of a conceptual design are plotted on the chart in relation to the extent to 
which the design meets each specification. These plots are joined in a line forming an 
angular ring. A successful concept design will have a footprint whose plot tends towards the 
target line. 
The concept footprint is a very visual tool, enabling the rapid assessment of how well a 
concept fulfils the chosen measures. On each footprint, provision is made for the 
hybridisation of features between different concepts; this leads to successive generations of 
conceptual d esigns, w hich int urn c an be evaluated. B esides a iding t he c oncept se lection 
process, the concept footprint can also be used to visualise the effect of later design 
alterations on the ability of a design to meet the key success factors. 
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Project Concept Date 
I E. g. Portability: 
Weight < 5kg 
D 
D 
L 
E. g Quiet operation 
< 1db 
1 -1 
Concept generation 
Concept discarded in round 
Features taken from concept 
I 
Figure 5.14 Concept Footprint 
The customer-focused footprint helps to concentrate the design project on the needs of the 
customer, while the company-based footprint tempers this customer focus. This is done to 
ensure that a product is not optimised to satisfy the customer at the expense of the company's 
needs. Creating a set of footprints for each concept is a rapid process and its visual 
characteristics simplify the interpretation of the results. The footprint is also intended to be a 
flexible tool and therefore can be altered to suit the preferences of the user. 
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5.3.2 Provenance 
As discussed, the development of a design tool for small companies in the AT sector has 
been based on design specifications drawn from the inductive research. The remainder of 
this chapter provides an overview of the origins of the developed design tool and its 
elements. The discussion of its provenance concentrates first on the development of the 
tools' approach before focusing on each of the eight elements that comprise the tool. 
The requirement for a customer-focused design tool for small companies in the assistive 
technology sector was necessitated by the findings of the inductive research. This research 
both implicates poor customer focused design as a contributor to the levels of dissatisfying 
AT products. The research also finds that, of the examined methods, no one customer- 
focused method in its entirety is suitable for application to small companies in the AT sector. 
In response to these findings the development of a design tool for this industry was 
undertaken. The development process comprised two stages and was bounded by the design 
tool specification described in Chapter 5.1. The two stages of the development process 
involved: 
1. Developing a model of what the design tool was to facilitate 
2. Developing the individual elements of the design tool to enable these functions 
Based upon the findings of the inductive research, it was proposed that a design tool be 
developed for small assistive technology companies that would aid them in incorporating the 
voice of the customer into the initial stages of the product development process. The 
decision to limit the tool to the front end of the design process was influenced by the need for 
assistance in this area and the opposition that these small companies have to design methods 
which they feel restricts their design freedom. It was considered that the development of a 
design tool for the front end of the design process would be likely to be perceived as less 
restrictive than a design method that encompassed the entire design process. While it could 
be argued that the attitudes of these companies could be changed by raising their awareness 
of wider influencing design methods, the resources and time required for this change in 
culture would be significant. 
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A model of the required design tool was developed. This model envisaged the design tool 
assisting assistive technology design in three distinct areas of the product development 
process. These areas concern the activities of. 
1. Gathering the voice of the customer 
2. Translating the voice of the customer into a customer-focused product design 
specification. 
3. Developing a customer optimised concept design. 
Figures 5.15 and 5.16 respectively illustrate the model of the proposed design tool and show 
how it fits into Pugh's model of the design process. In figure 5.15, the white oval shapes 
represent information and the black squares the transformation of that information. 
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Gather the Voice of the Translate VOC into 
Customer (VOC) Design Specifications 
Input 
AL 
Voice of the 
Customer 
.. 
- .. 
Output 
I Customer 
Requirements 
_". " 
.. - 
I 
Output 
Develop Customer 
Optimised Conceptual 
Designs 
r-- -arm-M. 
Input 
Design Conceptual 
Specification Designs 
Figure 5.15 A Three Phase Model of the Design Tool 
DESIGN TOOL 
ACTIVITIES 
Gather voice of the 
customer 
Translate VOC into 
design specifications 
Develop Customer 
Optimised Designs 
THE PRODUCT 
DEVELOPMENT 
PROCESS 
. --I- .-: 
enable 
this 
process 
Output 
I 
7Optimised 
Conceptual 
Design 
Figure 5.16 How the Design Tool Model Fits into Pugh's Model of the 
Design Process 
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In order to assist AT designers in these three areas it was decided that the design tool would 
be comprised of a series of distinct elements. Together, these elements would achieve the 
aims of gathering the voice of the customer, developing a product design specification and 
enabling the development of customer optimised products. In total it was identified that 
eight elements would be necessary to fulfil the aims of the design tool. What each tool 
(element) is designed to do is outlined below: 
Element 1: To assist companies in clarifying the boundaries of the project at it inception. 
Element 2: To assist users with limited market research experience to identify and capitalise 
on different AT stakeholders groups, at which to target the market research. 
Element 3: To assist in the selection of appropriate market research techniques to gather the 
voice of the customer. 
Element 4: To assist users with limited time and experience to extract and organise customer 
requirements from the gathered market research. 
Element 5: To assist the process of clarifying gathered customer requirements to produce 
engineering characteristics and to aid the assessment of the viability of these 
characteristics. 
Element 6: To assist in the identification of conflicts between the engineering characteristics 
and to aid the resolution of these conflicts. 
Element 7: To enable the development of customer based product specifications, with 
provision for specifications with alternative origins. 
Element 8: To enable the evaluation and optimisation of conceptual designs based upon the 
voice of the customer and the needs of the company. 
Figure 5.17 illustrates how the product design specification links to the elements of the 
design tool. This diagram is intended to highlight how each design tool specification 
influences the design tool. Table 11 in Chapter 6 details how each element performs in 
relation to the design tool specification. Whilst Figure 5.17 appears complicated, with design 
tool specifications affecting multiple elements of the tool, the diagram illustrates that the 
fulfilment of some of the specifications requires activities throughout the early stages of the 
product development process. 
The remainder of the chapter discusses the provenance for each of the eight elements 
that 
comprise the design tool. 
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DTS 1: The tool shall actively support the development of 
customer satisfying products 
DTS 6: The tool shall be applicable by a single person 
DTS 7: The tool shall avoid time consuming activities which do 
not directly impact the company's ability to meet the needs of the 
customer 
DTS 8: The tool shall be applicable with limited finances 
DTS 10 The tool shall exclude techniques that rely upon 
competitor products 
DTS 4: The tool shall provide a structure to the design process 
without constraining the process of developing a product 
solution 
DTS 5: The tool shall guide the user to appropriate product 
development activities necessary for the development of 
customer focused products 
DTS 2: The tool shall enable the user to base the product solution 
upon the identified needs of the customer 
DTS 3: The tool shall enable the user to consider the needs of 
multiple stakeholders 
ý ,ý'S? 
ýr\ý:... i ý 
Element 1: 
The purpose of element 1 is to assist companies in 
clarifying the boundaries of the project at its inception 
ý-ý 
Element 2: 
The purpose of element 2 is to assist users with limited 
market research experience to identify and capitalise on 
different AT stakeholder groups, at which to target the 
market research 
m V' 0 
w \ 
11 
MMMEME 
DTS 9: The tool shall guide the user to appropriate methods of 
market research, based upon levels of skill, time, money and 
manpower resources 
DTS 2: The tool shall enable the user to base the product solution 
upon the identified needs of the customer 
DTS 3: The tool shall enable the user to consider the needs of 
multiple stakeholders 
DTS 4: The tool shall provide a structure to the design process 
without constraining the process of developing a product 
solution 
DTS 5: The tool shall guide the user to appropriate product 
development activities necessary for the development of 
customer focused products 
Element 3: 
The purpose of element 3 is to assist in the selection of 
appropriate market research techniques to gather the 
voice of the customer 
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Element 4: 
The purpose of element 4 is to assist users with limited 
time and experience to extract and organise customer 
requirements from the gathered market research 
IMAM 
Element 5: 
The purpose of element 5 is to assist the process of 
clarifying gathered customer requirements to produce 
engineering characteristics and to aid the assessment of 
the viability of these characteristics. 
Element 6: 
The purpose of element 6 is to assist in the identification of 
conflicts between the engineering characteristics and to 
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The purpose of element 7 is to enable the development of 
DTS 2: The tool shall enable the user to base the product solution 
upon the identified needs of the customer 
DTS 5: The tool shall guide the user to appropriate product 
development activities necessary for the development of 
customer focused products 
Key 
Elements of the Design tool 
The Design Tool Specifications 
Specifications Which Affect All Elements 
Specifications Which Affect Particular Elements 
Element X: 
DTS 
-ý\ 
ý 
customer based product specifications, with provision tor 
specifications with alternative origins 
Element 8: 
The purpose of element 8 is to enable the evaluation and 
optimisation of conceptual designs based upon the voice 
of the customer and the needs of the company 
ki 
Figure 17 How the Design Tool Specifications Link to the Elements of the Design Tool 
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Provenance: Project Scope Form 
The project scope form was developed to assist companies in clarifying the boundaries of the 
project at the inception of the project. As described in the overview of the design tool, 
Chapter 5.3.1, the project scope is written at the outset of the project to define the purpose 
and boundaries of the intended project and is updated based upon the findings of the market 
research. 
The project scope form is based largely on the definition of a project scope given by Hooks 
and Farry (2001). Their original scope covered nine topics; Need, Goal, Objective, Missions, 
Operational Concept, Assumptions, Constraints, Authority and Responsibility. In adapting 
this tool for the AT sector, the content of the scope has been pared down to those issues that 
are essential to defining the focus of an assistive technology project, reducing the time taken 
to conduct this exercise. 
Taken from the original, the project scope form covers Need, Goal, Assumptions and 
Constraints. Whilst omitting Operational Concept, Authority and Responsibility, an 
additional topic of Environment has been added to the final form used in the design tool. 
This topic covers the environment that the product solution is envisaged operating in. This 
topic has been included in the scope in order to encourage assistive technology designers to 
consider from the outset the environmental conditions that their products will have to operate 
in. While this factor is seemingly obvious, the research conducted with occupational 
therapists described in Chapter 4.3, reveals the existence of products available on the market 
that are not suitable for operation in their designated environment. 
Also included on the form is the topic of Stakeholders. This allows the 
designer to consider 
who might be involved in the end-user's acquisition and use of the product, whose 
requirements might need to be considered and who could perhaps 
form a second-hand 
knowledge source. 
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Provenance: Knowledge Source Matrix 
The second element comprising the design tool is the knowledge source matrix. The purpose 
of this element is to assist users with limited market research experience to identify and 
capitalise on different AT stakeholder groups, at whom to target the market research. 
Where the customer comprises of a number of separate stakeholder groups, as it does in the 
assistive technology market, detailed market research is ideally conducted within each group 
and the results consolidated. The reality for the assistive technology industry is that small 
companies do not have the resources to conduct extensive market research. The knowledge 
source matrix has been developed to mitigate this situation by aiding the identification of 
which key stakeholders to involve in market research, dependent upon the purpose of the 
research. With no tool identified on which to base the second element, the knowledge source 
matrix forms a novel solution. 
Inspiration for the knowledge source matrix has come from a number of sources. Important 
to the tool has been the recognition that, in the assistive technology industry, the roles of the 
customer, including that of product selecting, purchasing, installing and using, are split 
across a number of distinct stakeholder groups; evidence for this has been found in the 
inductive research. From the focus group studies conducted with occupational therapists, 
described in Chapter 4.3, it is apparent that a stakeholder can provide information relating to 
their needs and the needs of other stakeholder groups with whom they have close contact. In 
this way a stakeholder can provide information of product requirements as a first or second- 
hand source. 
As described in the overview of the knowledge source matrix, this element relates 
stakeholder role to knowledge of different aspects of a product. The idea of relating 
stakeholder role to product aspect came from Userfit's user mapping activity (Poulson, 
Nicolle et al. 1996). The User Map charts the range of people whom are likely to 
have an 
interest or stake in a product, with the purpose of estimating the likely costs and 
benefits of 
the proposed development. The knowledge source matrix develops the 
idea that different 
groups of people will have a stake in a forth-coming product. It recognises that 
this stake 
translates into the requirements that a group has of a product and that these requirements are 
dependent on the role of the stakeholder. 
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Provenance: Methods Lab 
As previously discussed, the Netherlands Design Institute through its Presence Project has 
developed a tool called the Method Lab. The focus of the Presence Project is on the 
opportunities presented by ageing. The Method Lab forms a comprehensive resource of 
market research methods, specifically written for designers with little experience of user 
research. The tool provides a practical means of helping designers to weigh and choose 
market research methods appropriate to their project. The Method Lab consists of a 
description and references for both conventional and experimental user-research methods; a 
visual map of research methods and their characteristics; and a series of selection criteria by 
which methods can be compared and selected. 
Due to its characteristics and the compliance of these characteristics with the design tool 
specification, the Method Lab forms a suitable mechanism for assisting small AT companies 
in the selection of appropriate market research techniques to gather the voice of the customer, 
as required for the third element of the design tool. In respect to this, the Method Lab is 
included as an element of the design tool without modification. 
Provenance: Theme and Characteristic Form 
The fourth element comprising the design tool is the theme and characteristic form. Its 
purpose it to assist users with limited time and experience to extract and organise customer 
requirements from the gathered market research. The theme and characteristic form has been 
developed to rapidly identify the main areas of customer concern from the raw market 
research and to convey in what proportion these requirements are being articulated by first 
and second-hand knowledge sources. 
The theme and characteristic tool combines the processes used in constructing affinity 
diagrams with the idea that customer requirements can be expressed either as "a statement of 
something that the customer needs or as a statement of a characteristic of something that the 
customer n eeds" (Hooks and Farry 2 001). In addition, t his e lement also i ncorporates t he 
concept that a stakeholder can be a first or second-hand source of knowledge regarding 
product requirements. Marrying these concepts into a single instrument allows a user to 
group together similar customer statements, record the source of these statements and 
categorise the statements. In this way the main areas of customer concern are identified, as 
are any customer specified product characteristics. By using the results of the form in 
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conjunction with the knowledge source matrix, areas for further market research can easily 
be identified. 
Provenance: Requirement Clarification 
To aid designers in the transition from customer requirements to engineering specifications 
the requirement clarification element has been developed. This tool forms the fifth element 
of the design tool. The requirement clarification element predominately finds its roots in the 
requirement tree tool, discussed in Chapter 5.2.2. Slight modifications have been made to the 
original tool to allow for the consideration of the feasibility and the importance of fulfilling a 
requirement. Additionally alterations have been made to the practical structuring of the 
original tool in an attempt to circumnavigate the problem of producing confusing diagrams. 
These adaptations have been made to increase the efficiency of the tree's development 
process. Viability and importance scores are used to cull unfeasible requirements early in the 
development process. These scores are also employed later in the relationship matrix. In 
order to reduce the potential for confusion and the subsequent need to redraw diagrams the 
requirement tool structures its branches across separate pieces of paper, where each page 
contains a set limit of pre-drawn branches. 
Provenance: Relationship Matrix 
The relationship matrix was developed to assist in the identification of conflicts between the 
engineering characteristics and to aid the resolution of these conflicts. This, the sixth 
element of the design tool, is a cut down version of the house of quality chart used in quality 
function deployment. The relationship matrix comprises a single triangular matrix that 
juxtaposes the engineering requirements that were produced through the requirement 
clarification element. Unlike the house of quality, the relationship matrix 
does not look for 
relationships between customer requirements, it does not attempt to 
identify positively 
reinforcing relationships, nor does it involve competitive bench marking. 
The alteration of 
these features from the original has been done to reduce the time taken to use the matrix and 
to remove elements of the quality chart that are abhorrent to small assistive 
technology 
companies. 
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The relationship matrix rotates the `roof matrix by 90 degrees. While the relationships 
between the customer requirements are not examined, the customer requirements are 
displayed on the chart adjacent to the related engineering requirements. The viability and 
importance scores are also displayed next to the engineering requirements. Presenting this 
extra information ensures that the task of arriving at a compromise is simplified where 
conflicts are identified. 
Provenance: Customer Orientated Product Design Specification Form 
The customer orientated product design specification form is the seventh element of the 
design tool. Like a product design specification, this element documents the specifications 
for the design and manufacture of a product. The prefix `customer orientated' is added to the 
title of the element to highlight to the user that if the input to the element is solely from the 
output of the previous elements, then the specifications contained in the document will only 
be those that are derived from the customer. However, provision is made within the 
customer orientated product design specification form for the inclusion of non-customer 
derived specifications and the user is prompted to include these in the specification. The 
reason for this element concentrating so heavily on customer-originating requirements is that 
the aim of the design tool is to aid assistive technology companies in incorporating the voice 
of the customer into the design process. The structure for the customer orientated PDS is 
based upon that given by Pugh (1991). 
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Provenance: Concept Footprint 
The final element comprising the design tool is the concept footprint. Its purpose is to enable 
the evaluation and optimisation of conceptual designs, based upon the voice of the customer 
and the needs of the company. This element is designed to be implemented following the 
generation of multiple design concepts and is used to assess the extent to which each design 
fulfils customer and company requirements. 
The concept footprint has its origins in the ility chart used in strategic design. The main 
principles of the ility chart have been combined with Pugh's concept of hybridising the best 
features of individual designs to generate further conceptual designs. While both the ility 
chart and the concept footprint are based around the spider chart their usage varies slightly. 
Like the ility chart the concept footprint identifies eight key success factors. For the ility 
chart these success factors are drawn from all aspects of a product. For the concept footprint 
two footprints are drawn per concept; a customer-focused footprint and a company-focused 
footprint. In this way each concept is compared on the basis of sixteen instead of eight 
metrics. 
With both the ility chart and the footprint tool, the extent to which a concept meets a metric 
is plotted on the chart. With the ility chart a product's achievement is plotted as a value on a 
numerical scale. The unit of each scale changes with each axis. With the concept footprint 
each achievement is plotted as a percentage, with the outer most value of each axis being 
100%. Using this method means that the different axes on the chart do not require scaling 
and designers can rapidly complete each chart. 
A further improvement to the ility chart has been the addition of the capability to record a 
design's generation, parents and at what round the concept is rejected, enabling concept 
selection. For example, a second-generation design is a hybrid of features taken 
from 
concepts in the first generation. This capability means that it is easy to keep track of the 
evolution of the final concept. 
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5.4 Discussion of the Results of the Tool Development Stage 
Based upon the findings of the inductive research, a design tool specification has been 
developed that defines the parameters within which a design tool needs to function in order 
to be suitable for application to small companies within the assistive technology sector. In 
keeping with the second research objective, outlined in Chapter 1, four design methods, 
which help focus the design process on the customer have been examined for their suitability 
for the AT sector. Whilst elements of some of these methods have been identified as suitable 
for the sector, none of the four methods in their entirety are applicable to the small 
companies within this industry. Resource requirements or inappropriate activities are largely 
responsible for their failure to meet the design tool specification. 
In response to these findings a design tool has been developed for the AT sector to assist 
small AT companies in identifying and incorporating the voice of the customer into the 
product development process. This tool has been developed within the parameters set out by 
the design tool specification. The resultant tool comprises eight elements, which are 
applicable to the front end of the design process. These elements assist in gathering the voice 
of the customer, developing these requirements into design specifications and optimising 
designs to meet the needs of the customer and company. Many of the ideas used to develop 
the elements of the design tool have been distilled from recognised approaches. Where no 
existing mechanisms were identified novel solutions have been developed to meet the aims 
of the design tool. Novel alterations were also made to many of the recognised approaches in 
order to make them suitable for the assistive technology sector. 
While the elements of the design tool can be applied in isolation, successive application of 
the tools takes the user through the early stages of a product development activity: from 
gathering market requirements; developing a product design specification; to selecting 
concepts. Of particular importance are the abilities of the knowledge source matrix, theme 
and characteristic form and the requirement clarification elements to enable resource limited 
companies to deal with multiple stakeholder requirements. This is facilitated by the user 
being able to place emphasis upon the requirements gathered from different stakeholders. 
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6 Testing the Design Tool 
As outlined in Chapter 1, the second objective for the research is to establish if a design tool 
can be created that overcomes the issues identified in the inductive research and which 
enables companies to design customer satisfying assistive technology products. The design 
tool, developed in response to the findings of the inductive research, is outlined in Chapter 5. 
Chapter 6 describes the comparison of the design tool to its original specification and 
presents the results of studies undertaken to further test the validity of the developed tool. 
In order to meet the second research objective it is necessary to establish that: 
1. The created design tool overcomes the issues identified in the inductive research; 
2. The created design tool enables companies to design customer satisfying AT products. 
As discussed in Chapter 3, four research methods were used to help show that the design tool 
fulfils the second research objective. The first involved the comparison of the developed 
design tool to the design tool specification. This specification was developed based upon the 
findings of the inductive research. It addresses each of the issues, from the inductive 
research, that were identified as impacting the development, and future development, of 
customer focused AT products. Showing that the design tool complies with the specification 
contributes to the process of establishing that the design tool overcomes the issues identified 
in the inductive research. In addition to this comparison exercise, a case study examining an 
AT company's initial reactions to the design tool was conducted, both to test the tool's 
perceived effectiveness and perceived ease of use. 
While research can be undertaken to show that the developed design tool addresses the issues 
affecting customer focused design in the AT sector, due to long lead times it is not possible 
to directly establish that the design tool enables companies to design customer satisfying AT 
products. With regards to this, research was proposed to show that the activities undertaken 
in the application of the tool are congruent with those suggested by satisfaction literature and 
to show that the tool is workable and acceptable to AT companies. If the results of these 
studies prove positive, it would suggest that the developed tool has the potential for enabling 
companies to design customer satisfying AT products. 
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6.1 Comparison of the Design Tool to its Specification 
The suitability of the design tool for the AT sector, as determined by the tool's ability to 
overcome the issues identified as affecting customer-focused in the sector, is initially 
assessed through the evaluation of the tool with respect to the design tool specification. 
6.1.1 Methodology 
The approach to the evaluation of the design tool is similar to that used in Chapter 5, where 
existing customer-focused design methods were assessed against the design tool 
specification. Like this previous activity, the assessment of the tool is based upon its 
attributes and those of its individual elements. 
6.1.2 Results of Comparing the Design Tool to the Tool Specification 
Table 11 illustrates the overall compliance of the design tool and its elements with the design 
tool specification. While some of the elements of the tool are not relevant to one or more of 
the specifications, together the elements of the design tool meet the requirements laid out in 
the specification. 
The first d esign t ool s pecification for t he assistive t echnology se ctor ist hat t he t ool m ust 
actively support the development of customer satisfying products. The developed design tool 
is felt to comply with this specification because it both focuses the initial stages of the design 
process on the needs of the customer and its individual elements enable the voice of the 
customer to be identified, translated and incorporated into the design process. Customer 
satisfaction literature identifies that these activities facilitate the fulfilment of customer needs 
and that need-fulfilment contributes to customer satisfaction. 
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Table 11 Comparisons of the Tool and its Elements with the Design Tool Specification 
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The second feature specified for a design tool is that it is to enable the user to base the 
product solution on the needs of the customer. As discussed above, through its individual 
elements the design tool fulfils this specification by building a foundation for the product 
development process based upon identified customer requirements. The project scope and 
Method Lab elements however do not directly influence the realisation of this specification. 
The third design tool specification concerns enabling the user to consider the needs of 
multiple stakeholders. Strong contributors to the achievement of this specification are the 
theme and characteristic, requirement clarification and the relationship matrix elements. 
Each of these elements allows the user to distinguish between the requirements of different 
stakeholders, both in their recording and later in the weightings of the requirements. The 
concept footprint element also allows the user to distinguish between different stakeholders 
by enabling chosen requirements to have a greater influence over the direction of the design 
solution. 
The fourth specification requires that a design tool provide a structure to the design process 
without constraining the process of developing a product solution. In fulfilling this 
specification, the design tool requires the execution of activities that help the designer to 
classify and structure the design problem from the perspective of the customer. However, 
these activities are limited to the early stages of the development process to reduce their 
perceived restrictiveness. The eighth element, the concept footprint, is implemented 
following the development of numerous conceptual designs. Although this element does 
influence the subsequent development of the solution it does not constrain this process, rather 
it enables the user to more rapidly identify those pre-developed ideas that most strongly 
correspond to the needs of the company and the customer. 
The fifth requirement detailed in the specification is that a design tool must guide the user in 
appropriate product development activities necessary for the development of customer- 
focused products. The developed design tool achieves this objective through its individual 
elements, which, if applied sequentially, leads the user through the activity of planning and 
gathering market research to the development of a customer focused product design 
specification. The knowledge source matrix and the Method Lab elements are not considered 
as contributing to the fulfilment of this specification as they relate specifically to identifying 
target populations and methods of data collection for the market research activity. 
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The sixth specification requires that a design tool be applicable by a single person. Each of 
the elements of the developed tool require the implementation of activities that can be carried 
out single-handedly, although the tools are still appropriate if more than one person is 
available to apply them. In the case of the product scope, requirement clarification and the 
customer orientated PDS, these elements become aids to communication when applied in a 
group setting. 
The seventh specification concerns the implementation time for a tool and requires that a tool 
avoid time-consuming activities that do not directly impact the company's ability to meet the 
needs of the customer. In ensuring that its elements adhere to this specification the design 
tool does not require the execution of some activities that are commonplace in other design 
methods. For example, as discussed in Chapter 5.3.2 the relationship matrix is not designed 
to be used to identify the relationship between customer requirements or positive 
relationships between engineering requirements, rather the tool concentrates on those 
relationships that will be detrimental to the design. 
The eighth requirement specifies that the design tool be applicable with limited finance. 
With respect to this requirement, the elements of the design tool have been developed 
requiring no technology and requiring minimal manpower and man-hours to apply. The 
inclusion of the Netherlands Design Institute's Method Lab element in the design tool 
particularly addresses the limited financial situation of AT companies by allowing them to 
identify market research methods that provide them with the required data but are within 
their financial capabilities. It is through the Method Lab that the design tool fulfils the ninth 
specification; guiding the user to appropriate methods of market research, based upon levels 
of experience and time, and money and manpower resources. The same features of the 
element, which allow the user to identify the financial requirements of a market research 
method, also enable the user to identify the levels of expertise, technology and manpower 
required to implement the technique. 
The tenth and final specification for a design tool for the assistive technology sector is that 
the tool excludes techniques that rely upon competitor products. Compliance with this 
specification dictates that no competitive benchmarking activities be required in the 
implementation of the tool. No element within the design tool requires such activities, 
including the relationship matrix, which has been developed from the house of quality chart. 
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6.2 Company Case Study 
In addition to the comparison exercise, a case study was conducted with a small assistive 
technology company in order to establish further whether the developed design tool 
addresses the product development issues faced by small companies in the AT Sector. 
6.2.1 Methodology 
A series of written questions formed part of the assessment of whether the developed tool 
overcomes the issues identified in the inductive research. Of particular interest was the tool's 
ability to overcome the aversion of small companies to constraining methods of solution 
development and the limited resources and experiences of these AT companies. The 
questions also helped to test whether the specifications themselves reflect the needs of small 
AT companies. 
The case study was conducted with a small assistive technology company to identify its 
impressions of the tool. A presentation outlining the design tool and its elements was given 
to the company's director-designer before the subject was given a workbook detailing the 
tool and a set of questions to answer in his own time. A copy of these questions can be found 
in Appendix 5. The company was asked the following questions for each element: 
1. What are your first impressions of this element? 
2. Do you believe that the application of this element will produce the outcome that the 
element is designed for? Please give your reasons. 
3. Do you believe that you would find this element useful? Please give your reasons. 
4. Do you believe that the element is simple to understand and to apply? 
5. What drawbacks and additional benefits do you foresee in using the element? 
6. In regards to the purpose of the element, is this purpose currently met in your 
company by using an alternative means? If so please identify these means. 
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The question and answer section of the case study was conducted with the interviewer absent 
and the questions delivered in a paper based format. The decision to conduct the case study 
in this manner was taken to reduce the possibility of the interviewer influencing the subject's 
response. It was felt that had the subject been verbally responding to the interviewer in a 
face-to-face situation, the subject might have responded more favourably to the tool than they 
might have done in a less intimate situation. 
The company selected as the subject of this study is representative of small assistive 
technology companies. The c ompany h as 1 ess t han fifty employees, ith as o my a1 imited 
product range and its approach to both market research and product development is informal; 
the company was specifically identified as developing its product without the use of a 
product design specification. Its products are low technology and require only simple 
manufacturing operations and assembly. A single company was used in the study. While 
more companies could have been surveyed to increase the extendibility of the results, 
triangulation has been used to increase confidence in the results of this case study. 
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6.2.2 Results of the Company Case Study 
The reaction of the sampled company to the design tool and its elements was positive, the 
elements were perceived as useful and applicable with the company's current resources. 
Outlined below are the company's reactions to the elements of the developed design tool. 
Not data was gathered on the project scope and Method Lab elements as their inclusion in the 
design tool had not been finalised at the time of the study. 
With respect to the knowledge source matrix, the company felt that the matrix was "useful as 
a one-off exercise to understand the customer of one's products". The company believes that 
the application of the tool would give the additional benefit of "driving one to consider all the 
requirements as applied to the customers". The company agreed with the given aim of the 
element, that the application of the knowledge source matrix would identify who the 
customer of the product is. 
The company's first impression of the theme and characteristic form was that it was a "fairly 
intuitive tool for categorising feedback" and that it "provided a formalised approach to 
analysing data". The company felt that the tool would be simple to apply and admitted to not 
using any means to currently consolidate feedback. 
It was believed that the application of the requirement clarification tool would produce the 
outcome for which it had been designed. However, the company felt this outcome would be 
dependent on "the right people doing the work - they should have a clear idea of how the tool 
is to be used and what the tool is aiming for". The company admitted that it perceived the 
tool as "being a bit more difficult to apply". "I have reservations about how easy it will be in 
practice, but the only way to find out is to try it. " 
The first impressions of the relationship matrix were favourable; "it looks a very useful way 
of pinpointing any conflicting requirements and will give an opportunity for discussing and 
analysing these at an early stage". The company believed that application of the relationship 
matrix would "make the user think about the various requirements and how they interrelate". 
When questioned as to the usefulness of the tool the response was that "this appears to be a 
tool that will aid business decisions at an early stage and will save wasted effort". 
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The company felt that the product design specification form was a "very important tool". It 
was believed that its application would achieve its intended aim, namely `it will formalise the 
early design requirements and approach and document the reasons that are often forgotten 
later". The company indicated that it would find this tool useful saying that it was "essential 
for a small company starting to develop more new/enhanced products. It will save a lot of 
wasted time and effort if the designers and prototype builders have a common specification 
to refer too. It will also be useful later in the lifecycle of the product if changes are to be 
made - so that one can refer back to earlier decisions". Currently the company only uses 
annotated engineering drawings to perform this role. 
With respect to the concept footprint the company's first impression of the tool was that it 
"looks difficult to apply, but working through a real case might make this easier for people to 
understand and apply". Despite this reaction, the company believed that the application of 
the tool would produce t he desired outcomes " if the numbers assigned w ere meaningful". 
"The tool forces one to think through the relative merits of alternative designs. " 
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6.3 Design Application Case Study 
Further testing of the design tool was undertaken with the application of the design tool to 
two design case studies. The study was designed to help in the assessment of the tool's 
ability to enable companies to design customer satisfying AT products. 
6.3.1 Methodology 
Two case studies were undertaken to test the usability of the design tool. Two final y ear 
students, trained in product design and manufacturing engineering, applied the design tool to 
two separate AT design problems. These design projects formed part of the students' formal 
assessment in the final year of their degree. The design students were assessed by university 
tutors both on the designs they produced and the quality of the accompanying report. 
Unfortunately, due to the focus of the marking scheme and the exclusion of the tool's author 
from the viva process no new insights into the tool were received from the design tutors. 
The design students were twinned with an assistive technology company for the duration of 
the project in order that they would understand and reflect in their designs the manufacturing 
constraints of the company. In total each student worked on the design project for 
approximately 80 hours, employing the design tool and its elements to develop a detailed 
design of an assistive technology product. 
For the duration of the design project each student met regularly with the tool's author in 
order to ensure that the tool was being applied correctly and to discuss any issues identified 
as a result of the tool's use. Approximately seven hours was spent with the students, 
including the time spent formally interviewing each student about the tool 
Each student applied the elements of the tool consecutively. The voice of the customer was 
gathered by the students using input from participants at the 2001 Independent Living 
Exhibition at Wembley and through postal questionnaires to Social Service's occupational 
therapists. B ased upon t his c ustomer i nput the design s tudents e ach d eveloped ad etailed 
design solution to the identified need, using each element of the design tool. Regular contact 
throughout the design process was maintained with the design students to ensure that they 
were applying the design tool as intended. On the completion of the process the designers 
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were interviewed independently about their experiences of applying the tool and were asked 
to give their opinion about its elements. 
The interviews with the designers were recorded on audiotape. The responses of each 
designer to a set of pre-determined questions were compared in order to identify areas of 
consensus and differing opinion. A copy of the questions can be found in Appendix 6. 
Using trained but inexperienced designers to apply the design tool meant that the tool would 
be evaluated against a background of other customer-focused design methods known to the 
trained students, such as QFD. However, the use of these designers also meant that the tool 
would be tested by designers with no real-world developmental experience. 
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6.3.2 Results of the Design Application Case Study 
Following the application of the tool to two separate AT design problems the design students 
were asked for their response to the design tool and its elements. These responses are 
outlined below. 
Project Scope Form 
When questioned about the project scope form, both designers gave mainly positive 
responses. One criticism which the project scope element did receive concerned its original 
terminology, which one of the designers felt was unhelpful. Despite the terminology, which 
was later modified and the alterations approved by the designer in question, the project scope 
form was favourably received. The first interviewee considered the project scope exercise 
"useful because it makes you sit and think very carefully about what it is you are wanting to 
provide. Updating the form based on the results of the theme and characteristic form enables 
you to direct the focus of the project and to document any changes of direction". The second 
interviewee supports this opinion. "I like the project scope form. It enables you to clearly 
identify and write down your objectives. It becomes a neat form to keep referring back to 
throughout using the rest of the tool. Going on into further product development it helps to 
keep your focus on exactly what you should be doing, in a nice concise format. The tool is 
useful whether you are trying to identify a market need through market research or whether 
you have an idea of the product you want to make and you want to make sure that the 
product has market potential. The form took only about an hour to fill in. " 
Knowledge Source Matrix 
The two designers reported that they found the knowledge source matrix to be effective at 
targeting market research at the appropriate customer group, and they believe that this 
targeting is a useful activity in the area of assistive technology products. Quoting the second 
designer interviewed, "the knowledge source matrix is useful in two respects, it helps those 
with no knowledge of a particular product sector, but it is also a useful reference for someone 
with lots of experience in a sector". The first interviewee feels that the knowledge source 
matrix "is very useful, with so many customers it give manufacturers an idea of where they 
are aiming at". No negative reactions were invoked by the application of this element by the 
designers. 
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Theme and Characteristic Form 
The theme and characteristic form was favourably received by the design students. The first 
designer questioned the number of columns provided on the form, feeling that the 
`characteristic' column was not relevant to her needs. The design student's response to this 
element underlines the importance of emphasising the adaptability of the tool to personal 
preference. 
Despite the issue of the number of columns, the first designer felt that the theme and 
characteristic form was a useful tool. "I found it useful because you have a wad of paper 
containing the raw results of the market research and through the tool you are bringing that 
information down into one clear form. The fact that there is a form there makes you bring 
the information down into a concise format, instead of ending up with stickers everywhere 
and little messages to yourself. The form also means that you tally your results, giving you a 
solid indication of what the customer is asking for, rather than just relying on your 
impressions of the market research. Had I relied on my impressions I would have got very 
different answers. The fact that the tool also emphasises the differences between sources of 
information is useful, there is bound to be a difference in feelings between the person using 
the equipment, the person buying it or advertising it. Seeing what the first-hand knowledge 
of requirements is compared to the second-hand source is has got to be good. The theme and 
characteristic form is a very useful tool. " 
The second designer agrees. "The theme and characteristic tool is a good way of quantifying 
what your market research has told you. It helps with that by taking your market research 
and making it into set statements. The layout of the form is useful where you have a broad 
base of market research sources. " According to the first designer, the exercise took less than 
a morning to complete. The second designer took a day to filter through the market research 
information. 
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Clarifying Requirements 
The student designers agreed that the clarifying requirements element was effective at 
breaking down customer requirements into meaningful engineering characteristics. The 
second designer feels that that the "exercise is useful, because it helps to define what things 
actually mean in real engineering terms. It is logical and I am happy to use it". The first 
designer stated that, in her opinion, it "is a good tool and a good form". She expanded by 
saying that taking extra long branches onto "another sheet is so much easier, than fitting it all 
on one large sheet, the former gives you the space and impetus to break a requirement down 
to its roots, the later becomes garbled and difficult to analyse. " Commenting on the scoring 
of the resultant engineering characteristics, the designer feels that while the scoring was 
useful when carried through to the relationship matrix, as an individual assigning the scores 
to the characteristics it seemed too subjective and would be better done as a group, even with 
only two or three people. As with the project scope, the first designer had issues with the 
original terminology on the form, she recommended simplifying the terms to make the tool 
more intuitive, these suggestions were subsequently implemented. 
Relationship Matrix 
The responses of the designers to the relationship matrix were positive. Quoting the first 
designer, "The relationship matrix is a lovely tool, very easy to use, especially if the previous 
tool has been completed appropriately. It is a very useful tool. It is easy to expand where 
necessary. It is a good tool for making you go through and actually look at what possible 
problem areas there are and clarifying where compromises have to be made. It was lovely 
and quick to use. The scores taken from the clarifying requirements tool were useful where 
there were compromises to be made. " 
When questioned as to the usefulness of having the original customer requirement displayed 
along side the derived engineering characteristic, the designer said that she found this format 
a lot easier where she had queries about the characteristics. This was because she could find 
the documentation for that characteristic far quicker using the customer requirement than 
looking back through all of the characteristics. 
Supporting Customer Focused Design in the Assistive Technology Industry 
The second designer echoed the sentiments of the first. She found that "identifying 
conflicting relationships between characteristics most useful" and that "having the original 
customer requirements displayed next to the engineering characteristics helps to keep the 
engineering characteristics in context". Neither interviewee felt that they were missing out 
by not being able to compare customer requirements nor identify positive relationships, as 
they would be able to do on a QFD matrix. As the first designer said "it is only the negative 
relationships that you are after because it is those that are going to trip you up". The second 
designer concluded by saying that "if I had not used the matrix my product design 
specification would have been much longer and much more wishy-washy. The matrix helped 
to identify exactly what I wanted to put in my PDS". 
Customer Orientated Product Design Specification Form 
Both designers expressed their satisfaction at the process of completing the product design 
specification form. One designer said "the form is easy to fill in, the PDS falls into place 
very nicely after you have completed the previous tools. I like the way everything else leads 
up to it and it falls into place. It is the accumulation of all of your efforts". Her view 
concurred with those of the first designer. When questioned as to whether the PDS is 
effectual in incorporating the voice of the customer into the design activity both of the 
designers agreed, with the second designer adding, "Yes, all of the tools do because your 
specifications come from customer requirements". 
In the original workbook given to the designers, the customer orientated product design 
specification form was only termed the product design specification form. Despite 
instructions being given in the workbook that the PDS would require more input than just the 
customer-based specifications, the first designer felt that the name PDS was misleading. 
She 
recommended that the name be changed to reflect the fact that inserting the specifications 
derived from the customer requirements would only give the user the customer-based portion 
of the PDS and not a full PDS. Her recommendations were complied with and 
in addition to 
the name change, extra emphasis has been given in the element's application 
instructions. 
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Concept Footprint 
The concept footprint elicited positive reactions from the two designers, especially the first. 
When questioned about the tool the designer said, "this is my favourite, this is a wonderful 
tool". She went on to state that she "felt very comfortable with this tool and found it very 
clear. Some concepts were so lacking in some areas, it is not until you start to look at them 
that you realise how lacking they are. " Both designers agreed that the visual aspect of the 
tool is a powerful feature, "it is so much easier to compare something visual rather than lots 
of numbers. " "It is really visual, numbers do not necessarily tell the picture but visually you 
get the picture very quickly. " 
The designers felt that the tool worked well with the task of concept convergence. When 
questioned about the length of time the tool took to complete, both said that the actual 
process of drawing up each chart was very quick but for the overall process "it is difficult to 
say because concept convergence is an iterative process linked to the development of concept 
designs, but the tool itself is quick to use". 
Despite being well received, the first designer cautioned that the instructions on how to 
choose the eight requirements for comparing the designs should be made clearer to a void 
mistakes by users with less experience in formalised concept selection. 
Design Tool 
Near the end of each interview the designers were asked whether they believed that the 
combination of the tool's elements would assist a designer in gathering and incorporating 
customer requirements into the design process. Both answered yes. Additionally, the 
interviewees were asked whether, in their opinion, the application of the tool to AT product 
design would result in products that better satisfy the customer. Again the answer was 
affirmative. The second designer's response was, "Yes. For a company not trained in 
product design, the tool introduces new ways of thinking that aren't obvious. Yes I think 
they would lead to better satisfying products. " 
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6.4 Tool Assessment Focus Group 
The fourth method used to test the developed design tool was a focus group. The study was 
planned in order to address the two aspects of the second research objective, these concern 
the tool's ability to overcome identified issues in the AT sector and to enable the 
development of customer satisfying AT products. 
6.4.1 Methodology 
The focus group method was used to identify if the developed design tool was perceived to 
be practicable and to identify if the tool was acceptable to assistive technology companies. 
The focus group comprised five participants, these included two designers from small 
assistive technology companies, a design management professional, a design academic and a 
product design engineer with experience of caring for a child with special needs. 
Participants for the focus group study were found using two methods. Firstly, letters were 
sent to the small companies on the FAME/Naidex list. Of the seventy company that were 
approached, four agreed to attend the focus group. However, on the day of the workshop, 
only two attended. With respect to members employed outside of the AT sector, invitations 
were issued to individuals with a known interest in designing for the disabled or in product 
design. The design academic, design management professional and product design engineer 
had prior links with Loughborough University through the Manufacturing Department. The 
design academic was approached because of his understanding of the issues of designing for 
impaired users due to his work on a multivariate design tool. The product design engineer 
was invited because of her understanding of the design process and the insights she could 
give having cared for a child with additional needs. The design management consultant was 
asked to take part in the study to give an industrial view of the tool which was independent of 
the AT sector. 
The focus group discussion formed part of a three-hour workshop, which was participative in 
nature. The purpose of the workshop was to present the design tool to attendees, allow them 
the opportunity to apply the design tool and to provide an environment in which the 
participants could discuss their reactions to the tool. 
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Prior to the focus group discussion, the tool and its elements were presented to the group. 
The group was then set a series of exercises designed to give them experience of applying 
some of the tool's elements before being asked to discuss three questions in the feedback 
session: 
1. Is the tool and its elements practicable? 
2. Would the tool help you? 
3. Do you think other companies would apply this tool? 
The focus group discussion was recorded on videotape. Following the discussion the tape 
was repeatedly viewed in order to extract the responses of the participants to the above 
questions. The three questions presented were used as an a priori themes for the analysis of 
the discussion. Additional themes were also identified from the discussion that did not relate 
to the three a priori themes but were relevant to design in AT companies. 
While it is common practice to conduct multiple focus group discussions in order to be 
certain of identifying representative opinion, a single focus group has been conducted for the 
purpose of this study. The decision to limit the number of focus groups was made because 
this study was to be triangulated with the other three studies. 
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6.4.2 Results of the Tool Assessment Focus Group 
Following the presentation and the sample application of the tool, the focus group 
participants were asked to discuss whether they thought the tool was practicable, whether it 
would help them and whether they thought that other AT companies would apply the tool. 
The responses of the participants are reported below. 
Is the Tool Practicable? 
After a discussion that included the idea that no tool could prevent poor design, the group 
agreed that that application of the tool would significantly improve the consideration of 
customer needs where no formal means is currently used. The groups also agreed that the 
elements themselves were workable. The following are a number of comments taken from 
this discussion. 
"The approach taken by the tool is correct. " Assistive Technology Company 1 
"The concept of the approach is fantastic. " Assistive Technology Company 2 
"The tool's elements help to break the problem down. " Design Academic 
"Useful for helping to make decisions. " Assistive Technology Company 2 
"I like the way the elements logically take you through each stage, I can see how that 
would make a very big difference to any company with limited experience of 
listening to the voice of the customer. " Design Management Professional 
"Applying the tools means that you at least have an inkling of what the needs of your 
customers are" ...... 
Assistive Technology Company 1 
...... 
" whether you are capable of designing products that meet those needs depends 
on how good a designer you are. " Design Academic 
"I can't emphasis enough, how important it is that companies listen to what their 
customers need, for too long assistive companies haven't. " Design Engineer/Carer 
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Would the Tool Help You? 
While the academic, design engineer and design management professional were unable to 
contribute to the discussion of this question, the remaining AT designers felt that the tool 
would have a positive impact on their businesses. 
"It is a useful way to formalise the problem. I would be very tempted to try the 
approach. I really like the idea of the knowledge source matrix, with its first and 
second sources of information. " Assistive Technology Company 1 
"Some of the tools are brilliant for communicating. The scope form is fantastic for 
that. Breaking down requirements, great! " Assistive Technology Company 2 
"There are aspects of this approach that we are not doing. I think we will be applying 
the appropriate tools from this approach, things like the theme and characteristic 
form, the requirement clarification and the PDS. " Assistive Technology Company 1 
"I like the idea of the concept evaluation tool, visual and quick. " Assistive 
Technology Company 2 
Would Other Companies Apply the Tool? 
In discussing this question, one factor that came out strongly through the discussion was the 
importance of being able to adapt a tool to suit an individual's need. One designer made the 
statement that not all companies would realise that it is acceptable to adapt the tools. The 
rest of the group agreed upon this statement. The group felt, that to increase the likelihood of 
the tool being accepted by other assistive companies, it is important to highlight the ability to 
shape a tool. 
"You have to be careful, some companies, at least initially, would view the tools as 
gospel and wouldn't consider moulding the tool to fit their particular way of doing 
things. I think that that would put some companies off. You need to make it clear 
that the tool is not an end in itself, you need to tell them that they can bend it, shape it 
and make it work for them. If they knew that I think that they would be much more 
open to using the tools. " Assistive Technology Company 2 
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"I think that over time the tools will be modified to fit the individual needs of a 
company. " Design Academic 
"I am tempted to try the approach, of course adapting it. " Assistive Technology 
Company 1 
"I think other companies in the industry would benefit greatly from applying the tool 
and would recognise that. I think your difficulty is going to be in reaching them. " 
Assistive Technology Company 2 
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Further Insights 
Although primarily designed to test the design tool and the embodied findings from the 
inductive research, the focus group discussion revealed additional insights into the AT sector. 
This information was specifically extracted from the data because it provided previously 
unidentified information about the sector or related to findings from earlier studies. With 
respect to the workings of the sector, one company revealed that the larger companies within 
the sector "realise that they can't meet 100% of needs with their product and so only target 
perhaps 8 0% oft he p opulation. T he remaining 2 0% isl eft tos mailer companies top ick 
up.... we try to remain in the market by concentrating on the less attractive 20%". 
These comments were made in a discussion about what would motivate AT companies to use 
a design tool. The design engineer suggested that if a company could see that other 
companies were gaining a competitive edge from using a method then they would be 
interested in applying it. The response of the second AT company was "not necessarily, they 
would more likely benchmark it, reverse engineer and rip off your ideas". 
The first company admitted that their defence against product copying was to "keep one step 
ahead by: one, concentrating on quality. Two, keeping cost down. Three, trying to target the 
20% of the market that no one else is interested in". The second company stated that they 
engaged in successive, small product improvements to keep ahead of the competition. 
Reflecting on the design tool and its possible use to them, Company 1 said "we need tools to 
help us make initial decisions. In our situation, we are a small company grown from one 
man, one product. We need to get some organised approach so that we don't leave stuff out, 
because botch-ups do happen. " As the design management professional summarised to the 
agreement of the companies, "AT companies want a way of thinking it all through", the 
design tool was felt to provide this. 
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In placing orders with companies, it appears that some Social Services Departments ask 
companies to identify whether they are IS09000 compliant. Company 1's response to these 
requests is to use their sales record as a testament of their quality. The company added in 
reference to IS09000, "I've seen the cost of following rules, but I can see the need for tools 
to formalise the design approach, to do it with a common sense approach. " This comment 
appears to c onfirm the reluctance of companies to constraining methods but also suggests 
that those methods, whose approach a company can identify with such as a `common sense 
approach, are more attractive. 
Other aspects of the tool that appeared to be attractive to the companies were its visual 
nature, an aspect also picked up in the design application case study, and how rapidly it could 
be applied. It appears from other comments that a possible barrier to any initiative in this 
sector is a company's perception of the cost to them in time to change. "We look at 
something and think, it will cost us time, is it worth it? " This finding appears to support the 
emphasis of the design tool specification, which was to avoid low value adding, time 
consuming practices. 
The design engineer commented, "I can't emphasis enough, how important it is that 
companies 1 isten tow hat t heir c ustomers n eed, for t o01 ong a ssistive c ompanies h aven't. " 
This opinion of the design engineer, given in the context of her experiences of caring for a 
child with additional needs is in keeping with the findings elsewhere in the research that 
assistive technology companies are not listening to the needs of their customers. 
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6.5 Discussion of the Results of the Test Stage 
Four studies were undertaken to test the developed design tool and its elements with respect 
to the second research objective discussed in Chapter 1. The second objective of the research 
was to establish if 
1. The created tool overcomes the issues identified in the inductive research; 
2. The created tool enables companies to design customer-satisfying assistive 
technology products. 
Through the four studies the tool was examined for its ability to fulfil the design tool 
specification, its usability and its acceptability to AT companies. Triangulating the results of 
the four studies gives a greater understanding of the tools performance and increases 
confidence in the finding that the tool does enable companies to overcome the identified 
barriers to effective customer focused design in the AT sector and that it has the potential to 
enable AT companies to develop customer satisfying products. 
With respect to establishing whether the design tool overcomes the issues identified in the 
inductive research, the comparison activity indicates that the design tool fulfils the design 
specification. The fact t hat the design specification was developed based upon the issues 
identified in the inductive research also suggests that the design tool is likely to overcome 
these issues. Through the company case study, it was found that the sampled AT Company 
responded positively to the tool and its elements, again indicating that the tool overcomes 
some of the identified issues. The findings of the focus group study support those of the case 
study, with design academics and AT companies agreeing that the tool is workable and 
suggesting that other AT companies would be open to using the tool. 
The findings of these studies suggest that: 
1. The specification to which the tool was designed reflects the needs of the sector 
2. The developed tool overcomes the identified issues, in particular the tendency of small 
AT companies to avoid formal product development approaches because of a fear of 
restricting their design freedom. 
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As previously discussed, due to long lead times, it has not been possible to test whether the 
new design tool enables assistive technology companies to design customer satisfying 
products. However, the triangulated findings of the company case study, design application 
case studies and focus group suggest that the developed tool will produce such results. 
The design tool works by requiring and enabling AT companies to gather customer 
requirements through its Method Lab and knowledge source elements, to translate the 
requirements into actionable information through its requirement clarification element, and to 
incorporate these into the design process through its customer orientated PDS. The process 
of `gather, translate and incorporate' was identified in the customer satisfaction literature as 
one route to developing customer-satisfying products; where customer satisfaction is seen as 
the fulfilment of customer needs. 
The results of the company case study, design application case studies and the focus group 
suggest that the developed tool is workable; with the sampled AT companies perceiving the 
design tool to be practicable and the applying designers showing that the tool and its 
elements are useable. The results of the company case study and focus group also suggest 
that the design tool is acceptable to assistive technology companies. 
The findings of the studies suggest that the design tool's approach is appropriate for enabling 
the design of customer satisfying products. They also suggest that the design tool is useable 
and acceptable where other customer-focused methods are not. This information, when 
coupled with the knowledge that other design methods are not being used, suggests that with 
the design tool there is greater potential for the development of customer satisfying AT 
products. 
Also identified through the testing of the design tool were additional insights into the 
assistive technology sector. While it had previously been identified that a design tool for this 
sector should avoid time-consuming activities, the focus group discussion revealed the 
importance of tools being perceived as low in time cost both in terms of uptake and 
application. This finding appears to support the need for the seventh design tool 
specification. Other features valued in this sector appear to be being able to identify with a 
tool's approach, so tools with a common sense approach were well received, and the visual 
nature of a tool. 
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A potential barrier to developing a culture of product improvement within the AT sector was 
identified. With the high incidence of product copying in the sector, companies appear to be 
of the opinion that, rather than improve their own design processes, other companies w ill 
reverse engineer a successful customer-satisfying product. This mindset is likely to promote 
small incremental product improvements rather than the development of a customer- 
satisfying product that is likely to attract the attention of other companies. Despite this, it 
appears that companies with informal design approaches do recognise the value of having an 
organised approach and see that the design tool offers a potential means with which to do 
this. 
Providing a reflection on assistive technology design and how and why assistive technology 
products are failing to meet the needs of the customer, a review of all the findings from 
across the research is presented at the beginning of Chapter 7. 
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7 Discussion and Conclusions 
The research detailed in the thesis concerns assistive technology (AT) products and addresses 
the finding, from AT literature, that assistive technology products are failing to meet the 
needs of the customer. In light of limited research into the causes of poor AT user 
satisfaction, research has been undertaken with the following objectives: 
1. To identify how and why assistive technology products are failing to satisfy the 
customer. 
2. To establish if a design tool can be created that overcomes the issues identified in the 
inductive phase and which enables companies to design customer satisfying assistive 
technology products. 
In progressing the objectives two phases of research have been undertaken. The first phase 
comprises inductive research and the second concerns the synthesis of the research's findings 
and the development of a design tool. As part of the deductive phase of the research the 
design tool is tested to assess the validity of the tool and to identify further insights into the 
AT sector which might inform the understanding of why AT products are failing to satisfy 
the customer. The following is intended to provide a review of the knowledge gained 
through the research, and discusses, where appropriate the possible implications of these 
findings for how and why assistive technology products are failing to meet the needs of the 
customer. 
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7.1 Findings of the Research 
The research finds evidence to suggest that AT products are failing to meet the needs of the 
customer. P roducts are identified as failing customer needs in terms of function, quality, 
safety, usability and aesthetics. In some instances products are failing to meet even basic 
customer needs; indicating that customer satisfaction may be an issue in this sector. 
Despite low levels of satisfaction with some products, it appears that a number of 
dissatisfying products continue to persist. This persistence may be as a consequence of the 
acute need for assistance. In the absence of better alternatives, the use of poor products is 
maintained, as their substandard assistance is preferable to none. 
The finding that products are failing the user in terms of safety may suggest that there are 
poor levels of product testing within AT companies. Further studies with small AT 
companies found that companies were concerned with product safety and did conduct limited 
product testing. However, the imprecise nature of this testing suggests either a lack of 
customer understanding, little experience of product testing or limited financial resources. 
Lack of development engineering skill and lack of private sector investment in the AT sector 
were identified in subsequent studies. 
Forming a background to AT design are the characteristics of the AT sector. The current 
practices within small companies in this sector appear to be influenced by these 
characteristics. Within the AT sector there are only a few very large companies. The 
industry is dominated by relatively young, small and medium enterprises. Like other SMEs 
in the UK, assistive technology SMEs are constrained by low product volumes and a lack of 
adequate and effective manufacturing capability. H owever, the sector also suffers from a 
lack of private sector investment and a high prevalence of product imitation. This latter 
finding, particularly, appears to be influencing the activities of the small companies. With 
small AT companies often unable to afford to apply for, or defend, patents, the strategy of 
some companies to remain competitive is to target their products at unpopular user groups. 
This targeting of niche markets may partly explain the finding that within the sector there are 
a large number of small companies relying on a single product or a narrow range of products. 
Other small companies attempt to remain competitive through incremental product 
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improvements. The fear of imitation has lead to distrust within the industry and there is very 
little co-operation between companies. It is possible, because of the known inability of small 
companies to protect their ideas, that some companies may be using these smaller companies 
as an extension of their research and development activities. 
Many small AT companies have come from a background of developing a product to assist 
an elderly family member. From this initial closeness to the customer, it appears that 
companies loose sight of this close relationship with the customer as they progress to develop 
subsequent products. The importance of customer closeness appears to be unrecognised 
despite fully-abled designers having little inherent understanding of then eeds of impaired 
users. 
Identifying customer needs in the AT sector is complicated by the existence of multiple 
stakeholders and the heterogeneous nature of the end-user group. It appears that small AT 
companies are overwhelmed by the diverse customer, and with the presence of multiple 
stakeholders, companies are confused as to whom to target. The existence of multiple 
stakeholders is partly due to the diversity of product delivery systems for AT products. One 
significant route to the end-user is through Social Services. 
The research revealed that despite a lack of accessible design data about users, small 
companies are relying on insufficient customer input and that they have a very informal 
approach to identifying customer needs. It appears that smaller AT companies prefer to use 
occupational therapists as their source of customer information, whilst larger companies 
utilise end-user groups. This preference for a particular source of information may be 
influenced by a company's ease of access to the stakeholder, marketing ability and past 
experiences. 
Occupational therapists were identified as a useful source for obtaining consolidated user 
information; this may be of particular use to companies who would be overwhelmed by the 
diverse needs of the end-user group. Additionally, as stakeholders, occupational therapists 
have their own requirements for a product. Those OTs that work for Social Services are also 
able to give companies an insight into the requirements introduced by this stakeholder. 
Occupational therapists and Social Services, when used as the product delivery route, 
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influence which products end-users receive. In turn, OTs and Social Services are influenced 
by factors such as storage space restrictions, budget and bulk buying contracts. 
Occupational therapists recognise that they could be a valuable source of customer 
information for companies but feel it is the responsibility of the company to approach them. 
Currently many small companies do obtain OT input but this is typically gathered in the 
context of trade exhibitions when the new product is already in production. When 
questioned, one company explained that they did not approach occupational therapists sooner 
because they feared that their product ideas would become public knowledge. 
Small AT companies are identified as lacking market research skill, which is consequently 
affecting the quality of their market research activities. E ven where unsolicited customer 
input is received, it appears that some companies are unable to identify that, customers 
offering what are often seen to be unworkable product improvements or ideas are in fact 
articulating a need. As a result of the sector's lack of finance, small AT companies are 
unable to fund marketing specialists to undertake market research; lack of marketing 
capability may be a significant contributor to the failure of products to meet customer needs. 
AT designers do not have an inherent understanding of needs and without identifying 
customer requirements it is difficult to develop products that meet these needs. 
Whilst p oor in arket r esearch is likely tobeas ignificant c ontributor to the failings ofAT 
products, the research reveals findings that suggest that the product development activities of 
small ATc ompanies in ay also bec ontributing to the s tate oft hese p roducts. Ith as b een 
observed that, within the AT sector, management, sales, marketing, research and 
development are the responsibility of a small number of staff. Typically, AT design in small 
enterprises is conducted by one person, often by the company director, rather than as a team. 
Research suggests that there is a lack of skilled research and development professionals with 
industrial experience and development engineering skill. This perhaps explains the finding 
that the design approach of small AT companies is largely informal. No formal design briefs 
or specifications are used and, in the absence of robust market research, ideas for products 
are developed on the basis of a perceived gap in the market. Even with comprehensive 
market research, the lack of development skill and experience is likely to render inefficient 
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efforts to base the development process on the needs of the customer. Currently these 
companies do not appear to engage in activities that do this. 
Despite the informal nature of their design process, some small companies do recognise the 
benefits of an organised approach. Despite this appreciation, AT companies are adverse to 
approaches that they perceive to restrict design freedom. The cynicism of one company to 
IS09000, which he viewed as having too many rules, perhaps suggests that where the 
relevance or benefit of doing something in a certain way is not pronounced in a small AT 
company, these companies are reluctant to subject themselves to restrictive measures. 
The cost to companies in terms of time to change also appears to be a consideration for small 
AT companies. This factor could influence what design methods a company would be 
willing to implement. Approaches such as concurrent engineering, which although work to 
shorten the product development cycle-time, also require significant time and effort to adopt. 
This may render the concurrent engineering approach and others like it, unattractive to small 
AT companies. 
The issue of time to market is pertinent within small AT companies. With limited manpower 
companies report that it is difficult to find the time to develop the next generation of 
products. This problem is likely to be aggravated by the informal design approach taken by 
these companies and their limited development skill and industrial experience. 
The s urveyed companies, r egardless oft heir o wn c urrent p ractices, r ecognise t hat time to 
market and customer satisfaction are important issues. The finding that issues such as 
indirect costs, design documentation, reduced downstream design changes are seen as 
unimportant by these companies suggests that maybe the benefits offered by these measures 
are not relevant to the concerns of these companies or that the benefits are outweighed by the 
perceived time cost to implement. 
Small AT companies do not appear to engage in competitive benchmarking. When 
questioned about the relevance of this type of activity to their company, strongly negative 
responses were received. The aversion of companies to competitive benchmarking appears 
to be related to the high incidence of product mimicking that occurs in the AT sector. AT 
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companies that had been personally affected by product imitation were emphatic that they 
did not want to participate in what they perceived to be copying activities. 
Whilst company preference for certain methodology attributes was obtained directly, other 
preferences were identified through giving companies experience of a design tool developed 
for use in the sector. Reactions to less tangible features were identified. In keeping with the 
aversion of companies to constraining methods of design, it was revealed that small AT 
companies like to feel that they have the freedom to adapt a method or tool to suit their 
particular requirements. It is possible that a method clearly demonstrating this flexibility 
would be better received in this sector than one that was perceived to be rigid in its 
application. Companies revealed an appreciation of methods that use a common sense 
approach. This may possibly relate to the need for these companies to see the direct 
relevance or benefit of submitting to procedures. Additionally, AT companies appear to 
appreciate tools that are visual in their nature. The sentiment that visual is good was 
expressed at the same time as quick is good. Perhaps, the appreciation ofa tool's visual 
nature is because a tool that is visual is seen as being quick to apply. 
When exposed to the design tool, the reaction of the sampled companies to the tool was 
positive. This suggests that the specifications, on which the design tool was based, may 
reflect the needs and preferences of small companies within the AT sector and that the 
understanding of the sector embodied in the specification may be largely accurate. 
The findings of the research suggest that AT products are failing the needs of the customer 
on many levels; basic needs are not being met in some cases. More specifically, AT products 
are failing the needs of the end-user in terms of function, quality, safety, usability and 
aesthetics. There are many factors contributing to the state of AT products; some of these 
can be attributed to the characteristics of the sector, including the prevalence of small and 
medium enterprises. Significant contributors to the state of AT products have been 
identified; the market research and product development practices of small AT companies 
currently mean that products are being developed with little reference to the customer. These 
practices are shaped by factors such as resource levels and marketing and development skill. 
Factors such as the impact of widespread product mimicking; the persistence of 
dissatisfactory products due to acute user need; and the influence of product delivery route 
may be helping to sustain current levels of poor product quality. 
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7.2 Findings in the Context of the Research Objectives 
While the findings of the research have been discussed in 7.1 the following is intended to put 
the main findings of the research in the context of the research objectives. The aim of the 
research was to establish what the behavioural determinates of the failure to produce 
customer satisfying products are in the assistive technology sector, with the further aim of 
aiding manufacturers to design and manufacture AT products which better satisfy the needs 
of the customer. In respect of these aims, two linked research objectives were proposed: 
1. To identify how and why assistive technology products are failing to satisfy the 
customer. 
2. To establish if a design tool can be created that overcomes the issues identified in the 
inductive research and which enables companies to design customer-satisfying 
assistive technology products. 
7.2.1 How Assistive Technology Products are failing to satisfy the Customer 
The research finds that assistive devices are failing to meet the needs of the customer in five 
areas. These have been identified as function, quality, safety, usability and aesthetics. 
Whilst the examination of AT literature revealed four of these factors, the fifth aesthetics was 
identified by the focus group study conducted as part of the inductive research. This study 
also confirmed the relevance of the other four factors. 
7.2.2 Why Assistive Technology Products are failing to satisfy the Customer 
As the discussion in 7.1 indicates, the underlying cause of AT products failing to meet the 
needs of the customer has been found to be related to sectoral readiness for customer focused 
design. The research finds that small AT companies are not currently focused on the 
customer in their product development processes because they do not have the necessary 
resources or experience to do so. Additionally, customer focused design methods that might 
have assisted them in their activities are not appropriate due to the sector's characteristics. 
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Identified factors leading to the AT sector's state of readiness include: 
" The dominance of the sector by small and medium enterprises. Forty percent of 
companies within the industry employ less than fifty employees. 
" The existence of multiple stakeholders influencing the uptake of assistive devices. 
" The under funding of the industry. 
" Market research and product development activities are the responsibility of a small 
number of staff. 
" There is a lack of personnel, within small enterprises, with a marketing or product 
development background. 
" The aversion of small enterprises to methods of design that they perceive as 
restricting their freedom to develop their products. 
The product development activities of small AT companies, identified through the research, 
reflect the sector's lack of readiness for customer-focused design. Characterising these 
activities is: 
"A failure of these companies to conduct effective market research 
" Informal and unstructured product development activities 
"A failure to formalise the design problem before developing the design solution 
The concept of sectoral readiness and the identified product development and market 
research activities of small AT companies are original to the research. 
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7.2.3 Has a Design Tool been Created that Overcomes the Issues Identified in 
the Inductive Phase? 
Three separate studies undertaken as part of the deductive phase of the research find that, 
within the limitations of the studies, the design tool overcomes the issues identified in the 
inductive phase. These studies included a comparison of the tool to the original tool 
specification, the elicitation of a small AT company's perceptions of the tool and the opinion 
of AT designers and design professionals regarding the tool and its elements. Collectively, 
these studies show that: 
1. On a comparative basis, the design tool fulfils the design tool specification. Where 
the specification was developed based upon the identified needs of the AT sector. 
2. The design tool specification reflects the needs of the sampled and representative 
company. 
3. The tool overcomes the aversion of small companies to formal product development 
approaches. 
4. The tool is workable. 
5. Companies are open to using the design tool. 
The finding regarding the tool's ability to overcome the identified issues is not limited to a 
single study. This suggests with a greater degree of confidence that it has been established 
that a design tool can be created that overcomes the issues identified in the inductive research 
phase. 
Through a two-stage research process, which involved research to develop and test a design 
tool, knowledge has been gained about assistive technology and its design. The 
identification that the research and development activities of small assistive technology 
companies are likely contributors to the current state of assistive technology products is 
accompanied by the identification of multiple factors within the sector that are influencing 
the practices of these companies. While this research into assistive technology and its design 
has informed our understanding of the AT sector, the findings of the research have 
implications beyond the development of a design tool for this sector. These implications and 
areas for further research are subsequently discussed. 
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7.3 Wider Implications 
The research findings have implications beyond the development of a design tool for 
assistive technology SMEs. Areas affected by these findings concern product evolution, 
SME culture, methodology usability and the widespread application of the developed design 
tool. 
With respect to the assistive technology industry, as has already been discussed, the failure of 
AT companies to conduct coherent market research affects the development of customer- 
satisfying product features. However, this finding also has implications for the direction in 
which AT products evolve. Currently, with companies gathering minimal customer input, 
stakeholders have limited means of creating effective customer demand. Without this, 
stakeholders have little direct influence on the overall direction in which assistive 
technologies are developing. 
While stakeholders may have limited direct influence on AT product development, some 
stakeholder groups may be inadvertently affecting design decisions. With Social Services 
forming a significant portion of some SMEs' customer base, it is possible that the 
characteristics of Social Services, such as budget and storage space limitations, are 
influencing the design decisions taken by AT designers. If found to be true, it is likely that 
this is contributing to the development of non-satisfactory assistive devices by limiting the 
diversity of the products produced. Limited diversity would be of particular relevance to the 
aesthetic attributes of assistive devices. Designs that cost more to manufacturer or require 
the storage of multiple colour options are likely to be overlooked in favour of those designs 
that companies believe will be more readily stocked by Social Services. This suggestion is 
supported by the comments gathered from Company C in the case study, discussed in 
Chapter 4.4.3. The company said "we thought about making our product in different 
colours.... it is a nice idea but no social services store is going to hold different colour 
varieties of a product". 
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The finding that end-users are a heterogeneous customer group has implications wider than 
market research. The finding also suggests that AT manufacturers may benefit from 
changing their focus from designing for a disability group, such as for users with cerebral 
palsy, to designing for users with the same level of ability and impairment, independent of 
the cause. Tools such as Keates' User Cube (1999) may help designers to make this 
transition. 
It was identified that the culture of assistive technology SMEs affects the uptake of design 
methodologies. It is possible that this finding is not unique to this sector. With culture 
apparently maintaining the cycle of restrictive-methodology avoidance, it may be beneficial 
to examine long-term measures to redress this aspect of SME culture, particularly if the 
phenomenon is widespread. 
From the synthesis of the inductive research, the importance of design tool usability has 
emerged, where the usability of a design method is as important as the usability of the 
resulting product. This finding may have implications for future methodology design, as it 
appears that most design methodologies do not take the needs of SMEs into account. 
Through research into the needs of assistive technology SMEs a design tool has been 
developed which is both intended to aid the development of customer satisfying products and 
is designed to be useable by AT companies. While the tool has been developed for the AT 
sector, with the exception of the knowledge source matrix element, the tools is not AT 
specific. Even the concept of the knowledge source matrix can be adapted and applied to 
other sectors with multiple stakeholders. It is likely that assistive technology SMEs are not 
dissimilar to other SMEs and, if so, it is possible that the design tool may be appropriate 
elsewhere, especially in sectors with a high proportion of SMEs and multiple stakeholders. 
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7.4 Further Research 
Areas for further research have been identified. These concern the additional testing of the 
design tool, improvements to the tool, research in the area of AT customer satisfaction and 
research into the high prevalence of product imitation in the AT sector. 
With respect to the developed design tool, it is suggested that the tool undergo further testing. 
A study with a broad sample of AT SMEs is recommended to confirm the suitability of the 
tool for the sector. Also suggested are studies detailing the application of the tool by AT 
SMEs and studies that test customer-satisfaction levels with the resultant products. This 
research would help to verify that the tool is usable by small AT companies and would 
increase confidence in the tool's ability to enable the development of customer satisfying 
products. Additionally, further studies of a tool that has been developed specifically for the 
AT sector may reveal characteristics of the sector which have not been identified through 
other research methods. 
It may also beofv clue to determine the 1 imitations oft he tool. The t ool w as developed 
based on research that specifically related to assistive technology SMEs with fewer than fifty 
employees. However, it may be that the tool is appropriate to larger SMEs. Identifying the 
limitations of the tool would help to determine a set of parameters where it would be 
appropriate to apply the tool. A study investigating the conditions under which assistive 
technology SMEs progress from an informal design approach to a more structured one 
would also contribute to our understanding of the AT sector. 
While the research detailed in this thesis identifies key issues in sectoral readiness for 
customer focused design, it is likely that there are other issues, both within and outside of the 
design activity, which may influence levels of customer satisfaction and which have yet to be 
identified. Areas of manufacturer activity that may also affect satisfaction possibly include 
manufacturing capability and level of customer service. 
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It is suggested that further research be conducted into levels of customer satisfaction 
associated with assistive technology products. As identified in the literature review in 
Chapter 2, while there are studies of product abandonment and evaluations of AT products 
there are no studies that directly examine levels of customer satisfaction associated with 
these products. As product abandonment is not always possible due to acute user need a 
study of customer satisfaction levels may reveal a more accurate picture of the AT problem. 
Research involving Social Services as a customer and as a delivery route of AT products is 
another avenue for further work. Sources within the literature suggest that the standard of 
products available through agencies may be lower than that available on the market. 
Research is required into the extent to which Social Services is distorting levels of customer 
satisfaction by end-users obtaining devices through this agency. In relation to the effect of 
Social Services on product diversity, where Social Services forms the main customer to a 
product, research might be able to establish if this is a factor in poor customer satisfying AT 
products. 
Research is required into the high prevalence of product mimicking in the AT sector. It is 
thought that this feature of the sector is influenced by the large numbers of SMEs that 
dominate this sector and the inability of these companies to protect their ideas. Research is 
required to confirm if this is true and to identify other factors that are contributing to the 
persistence of this culture of copying. 
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Appendix 1: Questions Used in Postal Survey 
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Market Questionnaire Company Name 
Please feel free to answer in the spaces provided or to attach a separate answer sheet. I am 
specifically interested in answers relating to your aid and adaptation products. 
1. What products does your company produce? 
2. What is the size of the market? i. e. How much turnover is generated in the UK by these 
products? 
3. Is the market growing? 
4. What is your market share? 
5. Who are your main competitors? 
6. What design method or approach does your company use? 
Please tick the box if you would like to receive a copy of the background report. 
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Appendix 2: Questions Used in Focus Group Study 
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Focus Group Questions 
1. Tell me your name and how long you have been in this department? 
2. What are the difficulties you face when providing equipment to your clients? 
3. Can you tell me about any instances where there seems to be no suitable products 
available to solve a client's problem? 
4. Thinking about the equipment you have available, what products suffice where a 
better product should be designed? 
5. What is it about the product that makes it not the ideal solution? 
6. What are the products that you are most satisfied with and who makes them? 
7. What makes these products satisfying? 
8. What products are you most dissatisfied with and who makes them? 
9. What is the cause of your dissatisfaction? 
10. What should companies do to improve their products? 
11. Apart from functionality what other aspects of a product is important to the end-user? 
12. The goal is to help companies design products that better meet the needs of the 
customer. Are there any issues that you feel we should have discussed? 
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Appendix 3: Questions Used in the Company Case Studies 
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Outline of Interview Questions 
1. Company Background 
a) How large is the company? 
b) How long has the company been established? 
c) What is the company's annual turnover? 
d) How is the organisation structured? 
e) Does the company manufacture in-house? 
f) Who does the company sell to (retail outlets, Social Services, distributors, direct to 
clients? ) 
g) What is the split between the above? 
2. Marketing Issues 
a) Does the company have a marketing department? 
b) How does the company spot gaps in the market? 
c) What methods does the company use to elicit customer requirements? (Focus groups, 
telephone interviews etc) 
d) How does the company receive feedback on its products? 
3. Customer Issues 
a) Do you believe that the end-user knows what they require? 
b) Do you believe that occupational therapists know what the end-user requires? 
c) How does the company gain an understanding of end-user capabilities? (Personal 
knowledge, data bases, occupational therapists, clients? ) 
d) Would a database be useful? 
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4. Design Issues 
a) How large is the R&D department (or relevant department)? 
b) Are products designed by a single person or by a design team? 
c) How are the designers made aware of marketing and manufacturing issues? 
(Multifunctional team members? ) 
d) What proportion of design changes occur pre-production and post production? 
e) If any, what formal design methods or tools do you use? 
f) How often does the company develop new products? 
g) How do you determine feature parameters to include as wide a set of users as 
possible? 
h) How do you keep up to date with current legislation? 
i) Are you aware of any trade associations? 
5. Current State of the Market? 
What is your view on the current state of the rehabilitation market? 
6. Design Method 
Which of the following does your company view as important in terms of the design process: 
customer satisfaction, time to market, indirect costs, a step-by-step guide, documentation, 
competitive bench marking, reduced down stream design changes, identifying the appropriate 
design for development, a reliance on design teams. 
7. Additional Information 
Are there any issues that you feel that we should have discussed? 
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Appendix 4: Workbook Detailing the Design Tool 
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Introduction 
The CACTUS Tool (Competitive Advantage Through Customer Satisfaction) is a collection 
of smaller tools, known as elements, which have been designed to aid the development of 
customer satisfying products. These tools enable the user, with limited resources and 
experience, to gather, structure and incorporate customer needs into the product development 
process. 
The CACTUS Tool provides tools and guidance for the initial stages of the product 
development process. The approach can either be used as a toolbox where one or two tools 
are applied where necessary or the approach can be used as a step-by-step guide to 
developing a customer based product design specification. 
The approach aids the user: 
" To design and execute market research 
" To identify customer requirements 
" To consolidate the results of the market research 
" To develop a product design specification based on customer requirements 
" To determine the viability of subsequent conceptual designs 
The CACTUS approach has been specifically developed for companies with limited 
expertise and resources in the assistive technology industry. Many of the ideas used in this 
design approach have been distilled from recognised methods already employed across a 
wide range of industries. The selection and development of tools included in the approach 
has been a result of research into the needs of companies involved in the development of 
assistive technologies. 
The CACTUS Tool provides a means of formalising the design problem without formalising 
the development of a solution to the design problem and as such does not restrict the 
flexibility and creativity of the designer. 
Supporting Customer Focused Design in the Assistive Technology Industry 
The CACTUS Tool 
Element 1. The Project Scope Form 
Clarifies the purpose and focus of the design project. 
Element 2. The Knowledge Source matrix 
Gives an indication of who the primary and secondary sources of knowledge 
are, depending on role, in the field of assistive technology. 
Element 3. The Methods Lab 
Aids the selection of market research methods appropriate to the purpose and 
resources of a project. This method is published by the Netherlands Design 
Institute (2000). 
Element 4. The Theme and Characteristic Form 
Enables the main themes of the market research to be identified. 
Element 5. The Requirement Clarification Tool 
Turns customer requirements into engineering characteristics. 
Element 6. The Relationship Matrix 
Identifies conflicting relationships between engineering characteristics. 
Element 7. The Customer Orientated Product Design Specification 
Specifies the engineering characteristics that are to be built into a product. 
Element 8. The Concept Footprint 
Enables the comparison of different conceptual designs in order that the most 
promising can be developed. 
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Definitions 
Assistive Technology 
Is defined by the European Commission's Technological Initiative for Disabled and 
Elderly persons (TIDE, in Young and Sandhu 1995: p183) as the "total of 
technologies provided directly to the elderly and/or disabled people to enable them to 
live more independent lives and become integrated in all the activities of their 
communities, preferably outside of institutional care". 
End-user 
This is the person that the product benefits. The end-user is usually an older person 
or an individual with disabilities. 
Stakeholder 
A stakeholder forms part of the customer of a product; they play a role in the end-user 
obtaining the product and may or may not be the end-user. 
Medical professional 
This term refers to those persons who have medical knowledge of the end-user's 
needs and capabilities. Medical professionals include occupational therapists and 
nurses. 
Client 
The term client is used by medical professionals to refer to the end-user of an AT 
product. 
Independent purchaser 
This is the stakeholder who pays for the product but is not the end-user. For example, 
the independent purchaser can be the budget holder in Social Services. 
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How to Use the CACTUS Approach 
To use the CACTUS Tool for the first time it is suggested that you apply the tool element by 
element. If your company already has an established and successful means of carrying out 
some of the tasks, the corresponding elements can be omitted and only those elements that 
are r equired c an be applied. T he f low ofa ctivities in the d esign p rocess iss hown in the 
figure below. This diagram illustrates where the elements of the CACTUS tool fit into the 
design process. 
CACTUS TOOL 
ACTIVITIES 
Gather voice of the 
customer (VOC) 
Elements 1,2,3 
THE PRODUCT 
DEVELOPMENT 
PROCESS 
ý% 
Market 
Translate VOC into 
design 
specifications 
Elements 4,5,6,7 
Specification 
Concept 
Design 
Develop customer 
optimised designs 
Element 8 
Detail Design 
ý% 
Manufacture 
ý% 
Sell 
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Element 1: Project Scope Form 
The purpose of the project scope form is to provide an early focus in the product 
development process. The scope ensures that the purpose and boundaries of the product 
development are clearly laid out so that subsequent decisions do not diverge from what is 
relevant to the project. 
Method 
The form can be filled out in any order. Often operational concept or customer-need are the 
first sections to be completed. For example, an operational concept could be `our customers 
need a product to lift them out of the bath' and the need might be that `customers with poor 
upper b ody s trength n eed tobe able tob athe i ndependently in an e xisting b ath'. M arket 
research can be used to identify both operational concept and need. 
Complete each section of the form using bullet points where appropriate. The detail required 
in as ection d epends 1 argely on the p roduct and the c ustomers. S ubsequent d etail c an be 
added at a later date. Once completed, the document can be periodically referred to in order 
to ensure that the project remains on track. 
Filling in each Section 
Need: In this section enter a statement about what the need is that the project is trying to 
meet. 
Goal: What is the purpose of trying to meet this need? The goal must state what 
accomplishments will be achieved by meeting the stated need. 
Environmental Context: Briefly state what environment the product will operate in? 
Stakeholders: Who will be a customer of this product and what role will they play? Who 
are the first and second-hand knowledge sources? 
Assumptions: Document any assumptions made at this stage. Be aware of the potential 
effect on the product's development if these assumptions are incorrect. Try to validate any 
assumptions as soon as possible. 
Constraints: In this section document any major constraints on the project including 
financial and time constraints. 
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Project Scope Form Project Date 
Scope Item Description 
Need 
Goal 
Environment 
Stakeholders 
Assumptions 
Constraints 
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Element 2: Knowledge Source Matrix 
The knowledge source matrix gives an indication of who the primary and secondary sources 
of knowledge are in the context of assistive products. The matrix can be used in two ways: 
1) To identify whom to question in a market survey about the different aspects of a product. 
2) To understand how much authority can be given to stakeholder (customer) requirements 
identified through the market research. 
In order to be able to use the knowledge source matrix the user needs to have an 
understanding of who the `customer' is, or is intended to be, and what role they play. 
Background 
There are potentially five stakeholders involved in the provision of assistive technology 
products. These are the end-user, the family member, the carer, the medical professional and 
the independent purchaser. These stakeholders can play various roles, which include: 
" Purchasing the product 
" Operating the product 
" Living with the product 
" Assisting the end-user with the product 
" Assessing the requirements of the end-user 
There can be one or more stakeholders and a single stakeholder can play more than one role. 
Depending on a stakeholder's role, they are able to act as a first or a second-hand knowledge 
source regarding `customer requirements' of an aspect of a product. 
A first-hand knowledge source is able, in terms of their role, to tell market research what is 
required of a product. If it is not possible to question the first-hand knowledge source then it 
may be possible to question the second-hand source. A second-hand knowledge source is a 
stakeholder that does not perform the role in question but by virtue of proximity is able to tell 
you what the role-player in question requires. 
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For example, to find out how much the customer is willing to pay for a product it is 
important to question the product purchaser. Depending on the route-to-market, which varies 
between companies and even product ranges, this role c an be played by the e nd-user, the 
family member or the independent purchaser. When carrying out market research the 
appropriate stakeholder should be questioned. If it is not possible to question a particular 
stakeholder group then it may be possible to question the second-hand knowledge source. In 
this example if an independent purchaser normally performs the role of purchasing the 
product, such as you would find in Social Services, then the second-hand knowledge source 
would be a Social Services' occupational therapist i. e. a medical professional. During the 
course of their work the occupation therapist is likely to come into contact with the purchaser 
and know something of the purchaser's priorities and needs. Additionally, the medical 
professional may be able to tell you what many of their clients would like assistive products 
to look like; again in this instance they are the second-hand knowledge source. 
Method 
To employ the knowledge source matrix it is first important to identify the intended market. 
In this market, who are the stakeholders and what are their likely roles? Where the matrix is 
to be used to decide whom to survey, look at the stakeholders and roles in the left-hand 
column of the matrix and trace along each row. Every solid filled square indicates that a 
stakeholder performing that role is a first-hand knowledge source on the subject identified for 
that column. A half filled square indicates that they are a second-hand knowledge source in 
that subject area. For example a carer that assists a client in using a product is able to tell 
market research first-hand about how light a product should be (Weight) and they can 
perhaps tell you second-hand about what colours their client would like the product to be 
(Aesthetics). 
When the matrix is used post-survey, the intended market and its stakeholders and roles 
should again be known. In this case the results of the survey are examined in light of the 
matrix and responses are marked as either first-hand or second-hand. In this way more 
authority can be given to the first-hand responses. Agreements between first-hand and 
second-hand sources can be identified and designers can be made aware when the only 
source of a questionable requirement is from a second-hand source. In this instance a small 
sample of first-hand sources may be questioned to confirm the results from the second-hand 
source. 
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Element 3: The Netherlands Design Institute's Methods 
Lab 
The Methods Lab is a resource developed by the Netherlands Design Institute's Presence 
Project. The Methods Lab provides a means for student designers and designers in the first 
few years of practice to make informed choices regarding market research methods, 
appropriate to the needs and resources of the design project. 
The Methods Lab has been identified as an appropriate tool for assistive technology 
designers. It has been developed with an emphasis on usability and it provides the user with 
information about the resources and experience required when implementing a research 
method. 
The Methods Lab documents over fifty user research methods. For each method, the 
qualities of the method are plotted on a map against two axes. "The horizontal axis 
represents the external reference a method requires. At the left end of the scale, `Designer 
Centred' products require no such reference. The right, `User Centred' projects tend towards 
an ideal in which each user's needs would be individually met. The vertical axis depicts 
design projects concerned with purely visual qualities at the top, ranging to those where 
functional qualities are predominate at the bottom. " (Netherlands Design Institute, 2000) 
While the diamond shaped map refers to all of the documented methods, each method is 
detailed on its own page within the PRESENCE workbook. In addition to a 200-word 
description of the method and references for further information, icons are provided to enable 
a visual means of rapidly assessing the suitability of the method for a project. The lab is a 
quick way to identify candidate methods for a given aspect of a project. (Netherlands Design 
Institute, 2000). Visual information includes: 
1. Type of data output from the method 
2. Levels of expertise required to apply the method 
3. Time taken to apply the method 
4. Staffing requirements 
5. Costs 
6. A description of the devices and technology typically required to apply the method 
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Element 4: The Theme and Characteristic Form 
Where the luxury of the time and cost of data analysis cannot be afforded, the theme and 
characteristic tool can be employed to aid the user in identifying the main themes of gathered 
market research. The theme and characteristic form is used to rapidly identify the main areas 
of customer concern from the raw data acquired in the market research phase. The form is 
also used to convey in what proportion these requirements are being articulated by first and 
second-hand sources. By using the theme and characteristic form in conjunction with the 
knowledge source matrix imperative requirements and areas for further market research are 
easily identified. 
"A customer requirement can either be a statement of something that the customer needs or a 
statement of a characteristic of something that someone needs. " (Hooks and Farry 2001) 
Method 
To complete the theme and characteristic form read through the gathered market research. 
As you are reading make a note of the requirements as they are mentioned. 
The next stage is to group together customer statements that are essentially asking for the 
same thing. Grouping like requirements can be done mentally, if well practised, or 
physically by writing each requirement statement on a post-it note, noting whether it came 
from a first or a second-hand knowledge source, and placing together statements that 
essentially request the same thing but are worded slightly differently. 
Once all of the raw requirements have been grouped, for each group of statements, express 
the requests as a single statement. Enter each requirement statement onto the form in either 
the requirement theme column, the requirement characteristic column or in the other points 
of interest column. 
If the customer statements are grouped mentally, then the requirement can be entered onto 
the form as the results of the market research are examined. Every time a statement is found 
that agrees with the grouped statement, indicate in the corresponding tally column whether 
the agreeing statement has been made by a first or second-hand knowledge source. 
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If the customer statements are grouped using the paper method then, when the requirement 
statements are entered on to the form make sure that the tally columns are marked also with 
the numbers of first and second-hand sources that articulated that need. 
The Requirement Theme column is for requirements that state what the customer needs e. g. a 
device to automatically open jam jars. The requirement characteristic column is for 
requirements that a state a characteristic of something the customer needs e. g. a device that 
automatically opens fifty jam jars in one minute. The other points of interest column is for 
any other customer statements that have a bearing on the product development e. g. things to 
avoid or examples of similar popular products. 
The form is complete once all the market research data has been examined and the resulting 
requirements are entered onto the form, along with their source tallies. Examining the 
completed form will reveal popular requirements and to whom the requirements are 
important. Areas where further market research is required can also be easily identified, this 
may occur where second-hand sources have identified a need but not enough first-hand 
sources have responded in the initial survey to verify if the identified need is significant. 
Further market research should be added to the form. 
The completed form gives the reader an indication of the main customer requirements that 
have been identified through the market research, the relative importance of that requirement 
and whether it is important to first or second-hand knowledge sources. Depending on the 
breath and detail of the market research, the issues identified on the form will include needs 
that are outside of your company's scope. It is important to read over the completed theme 
and characteristic form and identify those requirements that your company intends to meet 
through the product development activity. Viable requirements are those that fall within your 
company's capabilities and mission statement. It is only these requirements that are used as 
the input to the requirement clarification element. 
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Element 5: The Requirement Clarification Element 
The purpose of the requirement clarification element is to breakdown each of the identified 
requirements into better clarified statements in order to understand what it is that the 
customer is asking for and what this means in terms of the product. The end result is an 
engineering constraint/characteristic that has been developed from customer requirements. 
An engineering constraint is a statement of a characteristic that a product must have for it to 
meet the needs of the customer. 
Some requirements cannot be translated into quantifiable engineering characteristics. For 
example, the need that a product instils pride may be critical to success, but pride is difficult 
to quantify. Simply use the need statement as a requirement. For other more complex 
requirements additional clarifying stages will be necessary. 
Example 
The i llustration b elow sh ows h ow t he generic requirement for a` leg-lifting p roduct tobe 
safe' translates into several different constraints that affects different areas of the product. 
Iº 
iº 
Safety 
-N 
1 10 
Stable 
Not catch body parts 
No sharp corners/edges 
Not pinch body 
r-ºI 
ýH 
ýN 
I-ºI 
Play of <2mm 
openings >75 
EN12182: 1999 
Openings <25mm 
8 
10 
10 
10 
The figure shows just one line from the clarification process of a leg-raising product. 
10 
10 
10 
10 
8/10 
10/ 
10 
10/ 
10 
10/ 
10 
Method 
For each requirement identified on the theme and characteristic form, which complies with 
the project scope, carry out the following steps. 
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1. Enter the requirement statement into the left-hand box, titled 'Requirement'. As it stands, 
the requirement statement is an un-clarified statement of customer need. 
2. In the next column of boxes enter statements that express more fully what the un-clarified 
requirement means in terms of the product. Ask the question `what must the product do to 
fulfil the requirement? ' Each stage of the branch's logic can be checked by asking `why 
must the product have this characteristic' If the answer, that the product must be/do x in 
order to meet the preceding statements, is logical then that constraint is correct. 
3. For each branch that extends from a requirement, keep clarifying each resulting statement 
until a statement is reached that cannot be clarified further. If more boxes along a branch 
are required then go onto a separate sheet of paper using the most clarified statement to 
date as the input for the new sheet. 
4. A clarified statement is unambiguous and is usually, but not always, quantifiable - 
making it possible to measure the degree to which a product achieves that characteristic. 
A fully clarified statement is known as an engineering characteristic or constraint. 
5. Where applicable, assign a target value to each fully clarified statement. The target value 
should be set in accordance to customer requirements and competitor products. 
6. In the box next to each constraint, assign the constraint a value that indicates its relative 
importance to the customer. The value can be between 1 and 10, where ten is extremely 
important and one is not very important. Unless importance has been directly identified 
through the market research the relative importance score should reflect the tally 
proportions marked on the theme and characteristic form. 
7. Again, for each constraint give it a score out of ten, this time in terms of viability. 
Viability is the technical feasibility of fulfilling that engineering constraint. Cost, 
practicality, and manufacturing capabilities should all be taken into account when 
awarding this score. A score of 1 indicates that an engineering constraint is extremely 
unfeasible; a score of 10 indicates that it is very viable. 
8. The final box to be filled in for each constraint gives an overall indication of the 
importance and viability of that constraint; this value is its `Score'. A score is expressed 
as a fraction of importance over viability. These values are taken from the previous two 
boxes. A 10/10 denotes an engineering constraint that is both very important to the 
customer and is feasible to achieve. 
9. Depending on the score that a constraint receives. A decision must be made whether to 
persevere with a constraint or not. 
10. Constraints that pass this stage are used as the input into the relationship matrix element. 
- 240 - 
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Element 6: The Relationship Matrix 
The relationship matrix is used to identify any conflicts that exist between the engineering 
constraints. This avoids wasting time, money and effort on incorporating engineering 
constraints into a product that negatively affect each other. The matrix enables the easy 
identification of conflicting constraints and, by displaying the scores of each constraint and 
the severity of the conflict, the matrix helps in the decision on how to resolve these conflicts. 
For example, increasing the speed of a product so it performs at its target value may mean 
that the product does not function as quietly as the customer would like. If in this instance 
the speed of operation is much more important that its noise level to the customer, and if 
damping the noise is a viable option, then the decision may be reached to compromise 
slightly on noise to achieve a competitive value for speed. 
Example 
Continuing the example of the leg lifter product from the previous element, the portion of the 
relationship matrix relating to leg lifting safety is shown in the figure below. The matrix 
highlights the conflicts that occur between these characteristics. 
Stable Play of <2mm 8/10 
Sturdy Laterally constrained 8/10 
No sharp corners or edges EN 12182: 1999 0/10 
Hygienic Polymer ABS Mold temp 50- 8/10 
Light to pick up separate pieces weigh <2 5/10 
Not catch body parts Openings >75mm 10/1 
Suitable for 95% of all baths Min height 550mm 6/8 
Material must not damage Pads on feet & protrusions 1/8 
Not pinch body parts Openings <25mm 0/10 
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Method 
The input to the relationship matrix is the engineering constraints developed from the 
clarification tool. Use only those constraints that are viable. 
1. Enter the constraints into the appropriate column on the matrix. 
2. On either side of the constraint fill in its score and also the customer requirement from 
which it was derived. 
3. When all the details have been entered into the matrix compare each constraint with all of 
the others. 
4. Consider how the constraints will interact with each other. For those constraints that 
conflict with each other mark the intersection on the matrix with a circle. 
5. An empty circle denotes a weak negative relationship O. A circle with a cross through it 
denotes a medium negative relationship ® and a solid circle indicates a strong negative 
relationship ". 
6. Examine the conflicting constraints that are causing these negative relationships. 
Considering the strength of the relationship and the viability/importance score, 
compromise where necessary. 
7. Successful constraints will be entered into the customer orientated product design 
specification. 
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Element 7: The Customer Orientated Product Design 
Specification 
A product design specification (PDS) is a document that defines the scope of a product 
design; it covers all aspects of design. Its purpose is not to lead the design or predict its 
outcome rather, it details realistic constraints, derived from company and market 
requirements, that must be incorporated into the design in order for a product to be 
successful. A PDS is used to layout concisely the requirements that a product must meet and 
is used to check that the developing product meets those requirements. 
The focus of the CACTUS Tool is on the customer. Using the engineering constraints taken 
from the relationship matrix, as the input to the PDS document will create the customer- 
focused portion of the product design specification. To construct a full PDS information is 
required on other constraints not related to the customer, such as manufacturing, shipping 
and legal requirements, see the list below. Ensure that all aspects have been covered before 
proceeding with your design. The PDS is a dynamic document, where changes are necessary 
the document can be updated. 
A PDS will specify product attributes that cover each of the following requirements: 
Customer Functional Aesthetics Storage 
Maintenance Environment Installation Size 
Weight Safety Quality Cost 
Shipping Time scales Manufacturing Patents 
Standards Legal Company constraints Materials 
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Example 
A small portion of the PDS for the leg-lifting product is shown below. 
Project: Leg-lifter Date: 01/02/02 Page 10 of 20 
Requirements: 
O Customer O Environment O Quality O Patents 
O Functional 0 Installation 0 Product cost O Standards specifications 
O Aesthetics O Size 0 Shipping O Legal 
O Storage 0 Weight O Time scale O Company constraints 
O Maintenance   Safety O Manufacturing O Other 
No. Item 
1 All edges and corners shall comply with EN12182: 1999 
2 All openings shall be less than or equal to 8mm +/- 0.5mm 
3 All detachable parts of the unit shall weigh less than 2Kg +/- 100g 
Method 
1) Fill in the details on top of the form. 
2) For each requirement subject listed, enter onto the form the relevant gathered 
requirements, colouring in the appropriate box on the top of the form. Only have one 
subject per page. 
3) The engineering constraints that were developed from the customer requirements will 
cover a number of the requirement subjects listed on the PDS document. Make sure 
that these constraints are entered onto the form under the appropriate headings. 
4) Word the form in the manner of `who, shall, what' making sure that target values are 
specified along with their units. For example, the vacuum cleaner shall weigh less 
than 3Kg (+/- 200g). 
5) When writing the PDS avoid using unverifiable terminology. 
Terms to be avoided have been collated by Hooks and Farry (2001) and are displayed 
overleaf. 
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Unverifiable Words 
Flexible 
Easy or user friendly 
Accommodate 
Ad hoc 
Safe 
Sufficient or adequate 
Useable 
When/if required 
Fast or quickly 
Portable 
Lightweight 
Small 
Large 
Easily, clearly or other `ly' 
words 
Maximise, minimise, 
optimise or other `ise' words 
Possible Substitutes 
" Add bending threshold or spring constant 
" Features that will cover anticipated changes 
"A maximum number of steps to perform an operation 
" An educational standard reference 
"A list of features found on similar products 
" Menus or prompts to guide the user 
" Precise definition of accommodation 
" List of features that support all anticipated uses 
" List of features that prevent harm from anticipated 
operator errors 
" References to specific safety standards 
" Quantities or other dimensions 
" Exact features needed 
" Exact circumstances 
" Anticipated triggering events 
" Minimum acceptable speed 
" Dimensions and weight 
" Description of desired carrying means 
" Operating systems that the software must run on 
" Maximum acceptable weight 
" Maximum acceptable dimensions 
" Minimum acceptable dimensions 
" Quantities appropriate for the verb that the `ly' word 
modifies (i. e. replace `fit easily' with `fit in X by Y 
space') 
" Limits, greater than or equal to, less than or equal to 
Use the PDS as a reference source and as the main control for the whole of product design 
activity. The PDS provides a list of characteristics that a product must have in order to meet 
customer and other requirements. How these characteristics are achieved in the product, i. e. 
the solution, is left to the discretion of the designer. When all of the elements that constitute 
a PDS have been considered and documented, the next stage of the product design activity is 
to develop conceptual designs based on the PDS. If desired these conceptual designs can be 
analysed using Element 8 in order to identify and optimise the best designs. 
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Product Design Specification 
Project Date: Page of 
Requirements: 
O Customer 0 Environment 0 Quality 0 Patents 
O Functional 0 Installation 0 Product Cost 0 Standards specifications 
O Aesthetics 0 Size 0 Shipping 0 Legal 
O Storage 0 Weight 0 Time scale 0 Company Constraints 
0 Maintenance 0 Safety 0 Manufacturing 0 Other 
Number I Item 
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Element 8: The Concept Footprint 
The concept footprint is used to compare conceptual designs in order to identify those 
designs that most successfully meet the requirements laid out in the PDS, and to optimise the 
features of a design. The concept footprint can also be used to plot the effect of later design 
decisions on the overall design. 
A footprint can be generated to visualise any aspect of a product, such as how well a design 
meets customer requirements, its ease of manufacture or cost of components if manufactured 
using different methods. 
A concept footprint can be used in a variety of ways: 
1) To visualise the ability of a design to meet a number of requirements under a single 
PDS heading, such as function. 
2) Two footprints can be drawn up for a design, one displaying requirements related to 
one aspect of a product and the other displaying a different aspect e. g. a footprint of a 
product design's ability to meet functional requirements can be displayed alongside a 
design's ability to meet manufacturing requirements. 
3) The one footprint can be drawn up for a product, where the compared requirements 
come from different PDS aspects, e. g. the most important requirements in the PDS 
are drawn up on the footprint, these could include requirements taken from function, 
environment, cost, manufacture, legal, quality and shipping. 
4) Positive features of different concept designs, highlighted by the footprint, can be 
combined to create a second generation of improved concept designs. This is an 
iterative process where successive footprints can be drawn up to track the design 
improvements and to optimise the design. 
5) Through the use of concept footprints considered decisions can be made as to which 
conceptual designs to pursue and which ones are to be discarded. 
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Method 
Grounded in the PDS a number of conceptual designs will have been generated. Many can 
be instantly discarded. For the most viable designs, the concept footprint tool can aid the 
identification of a design that is `an all round winner'. 
1. Decide how many footprints are to be generated per design. For each footprint choose 
eight requirements off the PDS that are to be used as criteria for rating the designs. These 
requirements can be taken from one or more PDS headings, depending on how the 
footprint is to be used. It is important to choose the eight requirements very carefully. 
2. Rank the criteria in order of importance. On the footprint enter one requirement at the 
end of each prong. Place the most important criteria at the 12 o'clock position and fill in 
the requirements clockwise so that the least important is in the 11 o'clock position. 
3. For each criteria mark on the prong the Target and Minimum values. Join the Target 
values with one line and the Minimum values with a different line - these denote the 
boundary lines. The target for achieving an attribute might be 100%, however you might 
be only be able to achieve 50% of your target value. Depending on the setting of the 
minimum value it is easy to visualise if the level of attainment is acceptable. 
4. For each concept design plot how well the design performs in each of the criteria along 
the corresponding axis. Join these values with a distinctive line. 
Ap erfect d esign w ill h ave a footprint t hat isi dentical to the t arget b oundary 1 ine. M ore 
realistically a design will perform better in some areas than in others and will produce an 
angular ring. Use the footprints generated to compare designs and to aid the decision for 
which design to progress with. As a design is altered and improved along the development 
process an up-to-date footprint for the design can be generated to see the effect that 
improvements have on other aspects of the design. 
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Space has been provided on the form to record and track the evolution of each concept, so 
that the design can evolve out of the best features of preceding designs. The form allows the 
documentation of what generation a concept was developed in. For example, at the third go a 
concept was developed that utilised features conceived in both the first and second round. 
This concept can be recorded as a third generation concept, with its parents documented. 
Later, if it is discarded for a better concept its rejection round can be recorded, as can any 
features taken from it. 
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Concept Footprint 
Project Concept Date 
Concept generation 
Concept discarded in round 
Parent Donors 
Features taken from concept 
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How to Progress from Here 
The CACTUS Tool takes the user through some of the key early stages in the product 
development process. The approach provides tools to assist in the structuring of the design 
problem, focusing on the needs of the customer. It is important that the designer also 
considers non-customer-based requirements at this early stage. 
Having assisted the development of a customer based PDS; the approach leaves the task of 
developing design solutions to the designer. A final tool is provided to aid the designer in 
identifying and optimising successful conceptual designs but the remainder of the design 
activity, detailing and developing the design solution, is the responsibility of the designer. 
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Appendix 5: Questions used in the Company Case Study 
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Interview Questions 
Please answer the following questions for each element. 
7. What are your first impressions of this element? 
8. Do you believe that the application of this element will produce the outcome that the 
element is designed for? Please give your reasons. 
9. Do you believe that you would find this element useful? Please give your reasons. 
10. Do you believe that the element is simple to understand and to apply? 
11. What drawbacks and additional benefits do you foresee in using the element? 
12. In regards to the purpose of the element, is this purpose currently met in your 
company by using an alternative means? If so please identify these means. 
After looking at its individual elements, what is your opinion of the whole tool? 
Please feel free to make any other comments on either the tool or on its elements? 
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Appendix 6: Questions Used in the Design Application Case Study 
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Questions Following the Application of the Tool 
The Knowledge Source Matrix 
1. Do you agree with the first and second-hand knowledge source assignments on the 
matrix? 
2. Is the concept of the knowledge source matrix useful? 
3. Can you envisage any additional benefits or drawbacks in using this tool? 
4. How do you feel about this tool? 
The project Scope Form 
1. Do you feel that the scope form would have been better placed earlier in the 
collection of tools? 
2. If yes, where? 
3. Should there be two scope forms, one before marketing and one after the theme and 
characteristic form? 
4. Does the scope form help you clarify where you are going with the project or is it just 
some paper work? 
5. Was the terminology on the form difficult to understand? 
6. How did you interpret the term operational concept? 
7. How long did it take you to fill in the form? 
8. How do you feel about the form? 
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The Theme and Characteristic Form 
1. Did you find the form useful and why? 
2. Is the layout useful? 
3. How could it be improved? 
4. Was the terminology used on the form difficult to understand? 
5. How did you get from the market data to grouped requirements expressing the same 
need? (Did you use the post-it-note method) 
6. How long did it take you to complete the form? 
7. Although in this instance there was not a difference in sources of information, would 
it have been useful, in your point of view, to differentiate between where 
requirements are coming from? (First and second-hand source) 
8. How do you feel about this tool? 
Clarifying Requirements Exercise 
1. Is the clarifying requirements exercise useful? 
2. When did you realise that you did not have to clarify EVERY requirement that you 
identified through the market research? 
3. How did you cope with the fact that some requirements needed more than four stages 
of clarification? 
4. Did you find it useful going onto another sheet, putting the semi-clarified requirement 
in the first box? 
5. Alternatively, if the clarifying requirements exercise were to be carried out on a large 
piece of paper, with all the branches displayed on the same sheet, how would you feel 
about this form of presentation? 
6. How did you know when you had finished clarifying a requirement? 
7. How did you find scoring each engineering constraint? (Was it too subjective to be 
useful? ) 
8. Do you think the tool would be more effective if used in a group rather than by just 
one individual? 
9. How long did the clarifying requirements exercise take you? 
10. How do you feel about this tool? 
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The Relationship Matrix 
1. How useful did you find the relationship matrix? 
2. Is it beneficial having the sources of each constraint displayed along side the 
engineering constraints? 
3. In terms of resolving any conflicts between engineering constraints, is it beneficial 
having the scores of the constraints displayed on the matrix? 
4. With your prior knowledge of QFD, did you feel that you were missing out because 
you were not able to mark on the matrix any positive relationships between 
engineering constraints? 
5. How long did it take you to use the matrix? 
6. How do you feel about this tool? 
The Product Design Specification Form 
1. How easy is it to fill in the PDS form? 
When did you realise that filling in the engineering constraints taken from the matrix 
only gave you the customer-based portion of a PDS? 
3. Does the PDS form work for incorporating the voice of the customer into the design? 
4. How long did it take you to complete the PDS (full or customer based portion)? 
5. How do you feel about this tool? 
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The Concept Footprint 
1. How did you choose the eight requirements on which to compare your concept 
designs? 
2. How many footprints did you do for each concept? 
3. Are the instructions clear that you need to fill the requirements in clockwise, putting 
the most important requirement in the 12 o'clock position and the least important in 
the 11 o'clock position? 
4. How did you decide where on each axis to plot the footprint? Did you assign 
numerical or percentage values to the axes? 
5. Did the target line always full on the extremity of each axis? 
6. Was the tool useful in other unexpected ways? 
7. Did you like the fact that the tool is more visual than other more numerical methods 
of concept selection? 
8. How long did it take you to use the concept footprint tool? 
9. How do you feel about this tool? 
THE CACTUS APPROACH 
1. Do you believe that the combination of elements within the CACTUS Tool assist a 
designer in gathering and incorporating customer requirements into the design 
process? 
2. Do you believe that the application of the CACTUS Tool to AT design will result in 
products that better satisfy the customer? 
3. How do you feel about the CACTUS tool? 
